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THK  OCULAR   LESIONS  PRODUCED  BY  DICHLORETHYLSULPHIDE^ 

("MUSTARD   GAS") 


By  Aldred  S.  WarthiiV,  Ph.D.,  M.D.,  C.  V.  \\'ellEk,  M.S.,  M.l)..  .\xd 
G.  R.  Herr^fann,  M.S.,  M.D.,  Ann  Arbor,  AIich. 

SINCE  conjunctival  irritation  is  so  prominent  a  feature  of  the  use  in  war- 
fare of  dichlorethylsulphide  ("mustard  gas"),  the  first  chnical  reports  of 
the  effects  of  this  gas  emphasized  particularly  its  action  on  the  eyes.  These 
earlier  reports  speak  of  the  early  development  (six  to  twelve  hours)  of  a  con- 
I'unctivitis  in  practically  all  of  the  men  exposed  to  the  gas.  The  eye-symptoms 
may  appear  first,  or  at  the  same  time  with  the  cutaneous  burns.  The  con- 
junctiva? are  described  as  congested,  the  lids  very  much  swollen,  with  moderate 
lacrimation,  vision  not  affected  in  any  marked  degree,  and  recovery  usually 
prompt  in  all  the  mild  cases.  These  scattered  clinical  observations  are  all 
very  superficial,  and  no  llmrough  studies  of  the  ocular  lesions  produced  by 
mustard  gas  are  available  in  the  general  literature.  The  best  reports  are  the 
following,  drawn  from  French  and  Italian  articles. 

Giraitd  (Jonnial  dc  Mcdccinc  ct  dc  Cliinir(/ic  Pratiques.  1917.  Ixx.wiii, 
890),  in  descriliiui;-  the  clinical  symptoms  of  mustard  gassing,  groups  the  eye 
lesions  as  one  of  the  three  cardinal  groups  of  symptoms  produced  by  the  gas. 
He  describes  these  symptoms  as  essentially  congestive.  The  conjunctival  ves- 
sels appeared  sinuous,  dilated,  often  of  a  bright  red  color;  and  at  times  in  the 
areas  of  the  finest  ramifications  of  these  vessels,  at  the  points  of  confiuence  there 
occur  small  red  "lakes,"  the  size  of  a  lentil.  No  blisters  or  ulcerated  lesions  were 
noted  in  the  early  stages.  Pain,  as  a  rule,  was  quite  moderate  or  absent,  although 
severe  in  certain  cases.     Lacrimation  was  moderate.     Impairment  of  vision  was 
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o.\(X'|iti<inal.  I'upil  rcllcxcs  were  normal.  In  soiric  cases  llu'  swelling;'  <»f  the 
e\eli(ls  was  so  marked  as  to  occhulc  tlie  eye  C()mi)lt'tel\'.  About  10  per  cent 
of  the  cases  seen  were  cliaracterized  by  most  intense  and  diffuse  con.^'estion. 
These  cases  were  e\acualed.  The  H^liler  and  moderate  cases  usualK'  healed  in 
two  to  three  days.  Treatment  consisted  in  tlie  use  (jf  a  solution  of  soda  bicar- 
bonate in  strci^q-th  of  thirty  parts  per  thousand. 

Tcitlicrcs  (Journal  dc  McdccUic  dc  Ih^rdcaux,  No\eml)er.  1917,  Ixx.wiii: 
February.  1918.  Ixxxix).  and  Trulicrcs  and  I'alois  (Arch'wes  D'  O plitalmologie, 
191()-17,  xxx\-,  p.  403)  make  the  first  detailed  clinical  observations  on  the  ocular 
lesions  produced  b_\-  mustard  .y-as.  The  great  majority  of  the  large  number  ot 
cases  observed  presented  e\e  symptoms  that  were  l)enign  and  of  short  duration. 
Only  a  small  number  showed  such  serious  lesions  as  to  make  it  necessary  to  send 
them  to  a  s])ecial  ser\ice  for  obser\ation.  In  fifteen  hundred  cases  seen  there 
was  but  one  case  of  panophthalmitis,  and  three  cases  of  ulceration  of  the  cornea. 
In  general  the  symptoms,  particularl}-  the  photophobia,  begin  to  impro\e  within 
four  to  i\\G  days,  and  healing  may  be  complete  in  two  to  three  weeks.  A  few- 
cases  were  seen  in  which  the  Ijlepharoconjunctival  irritation  persisted  for  a 
longer  time.  A  detailed  description  of  one  of  these  more  severe  cases  is  given. 
The  lids  of  the  right  eye,  especially  the  upper,  were  much  swollen  and  opened 
with  difficulty.  Conjunctiwe  in  the  cul-de-sac  and  in  the  pali^ebral  portions  very 
hyperemic ;  on  the  bulbar  portion  it  was  pearly  white,  porcelain-like,  especially 
in  the  upper  portion,  where  there  was  a  hard  collar  of  edema.  Small  puncti- 
form  henifirrhages  were  numerous,  and  there  was  a  fine  deep  arborization  of 
the  pericorneal  vascular  plexus.  The  cornea  appeared  slightly  granular,  and  no 
erosion  could  be  demonstrated  by  the  fluorescein  method.  The  iris  was  con- 
gested, but  no  iritis  was  present,  and  no  lesions  were  demonstrable  in  the  in- 
terior of  the  eyeball.  Ocular  tension  normal,  ocular  movements  made  difficult 
by  the  rigidity  of  the  conjunctiva.  Visual  acuity,  one-tenth.  The  left  eye  showed 
similar  changes  to  a  less  degree,  and  without  the  collar  of  edema.  Vision,  ten- 
tenths.  Symptoms  were :  intense  photophobia,  continuous  lacrimation,  smart- 
ing and  sensation  of  burning,  heaviness  of  lids,  and  small  amount  of  yellowish 
mucopus  in  the  inner  angles.  Treatment  consisted  of  warm  vaporization  and 
the  installation  of  a  collyrium  of  atropine  and  iodoform  ointment.  The  condi- 
tion, however,  resisted  treatment. 

In  the  later  paper,  Ti'itlicrcs  and  Valois,  the  ocular  symptoms  are  described 
in  fuller  detail,  as  follows:  Blepharitis,  conjunctivitis,  chemosis,  edema  of 
lids,  congestion  of  iris,  symptoms  suggesting  a  slight  iritis,  cloudiness  of  the 
papilla,  slaty  tint  of  the  retina  (edema?),  benign  neuroretinitis,  congestion  of  the 
retinal  veins,  with  diminution  of  visual  acuity.  They  advance  several  hy])otheses 
in  explanation  of  the  lesions  of  the  posterior  segment;  (1)  that  they  are  sec- 
ondary to  the  inflammation  of  the  anterior  segment;  (2)  that  the  inflammation 
is  an  extension  through  the  sinuses  and  optic  meninges,  producing  a  retrobulbar 
neuritis  that  may  or  may  not  extend  as  far  as  the  jiapilla.  The  lesions  of  the 
anterior  segment  always  terminate  in  healing,  and  their  knowledge  of  the  neuro- 
retinitis cases  was  too  slight  to  make  definite  |)rognosis  possible  for  such  cases, 
although  they  maintain  that  both  the  superficial  and  deep  ocular  lesions  due  to 
toxic   gases   are   essentially   benign.      Their   treatment   consists   of   warm   vapor 
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liallis  for  the  eyes,  lastinj,'  ten  minutes,  aiifl  rcpcatc-fl  four  to  five  times  daily; 
instillation^-  of  adrenalin  and  coc-aine  for  ilic  pain,  fi-e(|ui-nt  instillations  of 
atroiMiu-  foi"  ilu'  iii>  |ilirnoiiicna,  and  in  the  cases  with  ncurorctinitis,  hlooddet- 
tini;    from  thr  temple  and  mercurial   rnl)N  ujjon  the  forehead. 

/'issii-rfllii  {(ilonialc  di  Medicine  MUita'irc,  191S,  Ixvii,  12.S)  descriiies  the 
ocular  conditions  cau>ed  l)\  "\prite"  (  nni>tard  ,!4a>).  lie  di\ides  the  cases  into 
the  light  and  the  moderately  y;ra\e   forms. 

The  lij,dit  cases  develop  fixe  to  ten  hours  after  f^assinj^,  with  headache,  hurn- 
\n^  in  e\es,  lacrimation,  marked  photoi)hol)ia,  swollen  eyelids,  conj^ested  con- 
iuncti\je,  the  bulbar  conjunctiva  hyi)ere!nic  in  area  correspcjndinj^  to  palpebral 
fissure.  Pericorneal  infection  absent  or  slij^ht ;  ])ui)ils  negative.  Symptoms  be- 
gin to  decline  in  24-3f)  hours. 

In  the  se\ere  cases  all  symiitonis  more  marked,  after  a  shorter  incuba- 
tion period.  Eyelids  swollen,  hea\y,  "jiin  ]irick"'  pains  in  eyes;  cul-de-sac  red- 
dened, cheniosis  of  bulbar  conjunction,  ]iunctiforni  conjunctival  hemorrhages; 
cornea  usually  clean  and  transi)ai"ent,  in  some  cases  showed  desquamation  of 
epithelium.  Tn  two  cases  in  which  cocaine  had  been  used  and  a  binocular  band- 
age ])resscd  lightly  upon  the  eyes  corneal  erosions  were  i)resent.  Anterior  strata 
of  cornea  turbid  in  some  cases  due  to  \cr}-  minute,  gra\ish  white  dots.  Some- 
times this  turbidity  shows  as  a  grayish  white  line  running  horizontally  across 
lower  half  of  cornea.  Usually  after  three  to  four  days  there  is  a  remission  of 
the  ocular  condition.  Ulcers,  when  present,  heal  rapidly.  The  pupil  formerly 
contracted  dilates  readily  under  atropine.  As  an  exceptional  condition  cicatri- 
cial ectropion  was  observed.  Ojjhthalmoscopic  examination  showed  in  20  per 
cent  of  the  gra\er  cases  a  slight  hyperemia  of  the  papilla,  with  slight  tortuosity 
of  the  retinal  veins.  W  hen  cases  were  dismissed  there  was  no  disturbance  of 
visual  field  or  visual  acuity.  He  concludes  that  the  ocular  lesions  are  relatively 
benign.  The  ocular  s}ndrome  reminds  him  of  snow  blindness  and  electric 
ophthalmia.  He  believes  that  the  ocular  lesions  are  due  to  the  direct  action 
of  the  gas  and  not  to  any  toxic  substance  in  the  blood;  and  conducted  a  num- 
ber of  exiieriments,  using  instillations  of  tears  and  sweat  from  injured  soldiers 
into  the  conjunctivae  of  rabbits,  without  results.  He  considers  the  presence  of 
liulbar  chemosis  of  importance  in  judging  seri(jusness  of  cases.  As  methods  of 
treatment  he  advises  avoidance  of  bandages  and  cocaine:  and  advocates  the 
use  of  eye  wash  of  2  jier  cent  bicarbonate  or  sterile  water,  with  hot  vapor 
fomentations,  and  a  zinc  oxide  pomade  for  the  lid  lesions. 

Caiirlli  {Rlzista  Ospcdcdicra,  V)IX.  viii,  2)  describes  a  fatal  case,  with 
autopsy,  of  poisoning  by  "yjjrite'"  (mustard  gas).  The  eyes  presented  a  dif- 
fuse bilateral  conjunctivitis,  without  exophthalmus.  Xo  microscopic  examina- 
tion made. 

These  are  the  only  clinical  descri])tions  available  in  the  general  literature: 
and  it  is  worthy  of  note  that  no  pathologic  studies  have  as  yet  been  published. 
In  spite  o\  the  fad  that  \ictor  Meyer,  the  discoverer  of  mustard  gas  noted  the 
conjunctival  lesions  in  man  and  in  experimental  animals  the  literature  contams 
no  reports  of  further  investigations  in  this  direction.  The  material  presented 
by  us  below  nui>l  therefore  be  regarded  as  opening  up  a  new  field  in  ophtbalnnc 
jiathology. 
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A|>i)licali<)n  of  dichlorctli}  lsul]»hi(k'  lo  the  conjunctiva  was  made  in  two 
\va\s.  In  order  to  secure  results  comparable  to  those  obtained  by  direct  ap- 
l)lication  to  the  skin,  ;is  previously  reported,  an  extensive  series  of  animals  was 
made  use  ot,  in  which  the  licpud  dichlorethylsulphide  was  applied  directlv  to 
the  center  of  the  cornea  by  means  of  a  fine  pipette  in  uniform  minute  droplets 
determined  to  be  about  0.0004  c.c.  in  size.*  The  animal's  lids  were  at  once  released 
and  by  its  blinking  the  mustard  gas  liquid  was  spread  in  the  conjunctival  sac. 
By  using  a  uniform  height  of  column  of  dichlorethylsulphide  in  the  pipette  the 
effort  to  maintain  a  standard  size  of  droplet  was  quite  successful.  However, 
we  realize  that  slight  variations  in  the  amount  applied  are  unavoidable.  In  an- 
other series,  the  animals  were  exposed  to  dichlorethylsulphide  vapor  in  vary- 
ing concentrations  and  for  var}-ing  times  in  a  respiration  chamber  especially 
devised  for  the  purpose.  Both  pure  and  crude  forms  of  mustard  gas  were 
em]>loyed. 

T.     SYMPTOMS  AND  GROSS  PATHOLOGY 

Although  the  objective  symptomatologv'  and  gross  pathology  of  the  lesions 
produced  by  direct  application  of  the  liquid  mustard  gas  and  by  exposure  to  the 
\apor  are  essentially  similar  in  the  two  cases,  there  are  slight  differences  de- 
pending entirely  upon  method  of  administration  which  make  it  desirable  to 
consider  them  separately. 

DIRECT    APPLICATION 

The  Rabbit. — At  once,  upon  application  of  a  standard  droplet  of  dichlor- 
ethylsulphide to  the  center  of  the  cornea,  the  rabbit  blinks  repeatedly  but  shows 
no  other  evidence  of  irritation  for  one  or  two  minutes  when  there  is  usually  a 
period  of  rapid  blinking  and  rubbing  of  the  eye  with  the  fore  paws.  At  the 
same  time  there  is  a  definite  increase  in  lacrimation,  but  not  to  the  point  of 
epiphora.  A\'hen  at  rest  the  eye  may  be  held  partly  closed.  Thereafter  the 
rabbit  shows  but  slight  signs  of  irritation  throughout  the  earlier  stages,  except 
that  at  long  intervals  the  eye  and  nose  may  be  rubbed  with  the  paws;  the  af- 
fected eye  is  not  opened  as  widely  as  the  other  and  lacrimation  is  moderately 
increased.  Fifteen  minutes  after  application  there  is  beginning  congestion  of 
the  vessels  of  the  superior  palpebral  conjunctiva.  At  the  same  time  there  may 
be  a  slight  decrease  in  the  normal  luster  of  the  eye.  The  fluorescein  test  is  posi- 
tive as  early  as  ten  minutes.  (See  paragraph  below  on  fluorescein  tests.)  Thirty 
minutes  after  application  there  is  increased  lacrimation  and  the  congestion  of 
the  palpebral  conjunctival  vessels  may  now  be  so  marked  that  there  is  a  pink- 
ish reflex  through  the  upper  lid.  These  changes  gradually  increase  during  the 
next  half  hour. 

At  one  hour  the  first  evidences  of  edema  appear  in  the  form,  of  localized 
thickenings  of   the   conjunctiva   about    1    mm.   in  diameter.      These   occur  most 


*Tn   our   first    i>aiic-r    (Journal   of   I.alioratory   and    Clinical   Medicine.    May.    lOIS.   vol.   iii.    Xo.    8)    this 
w'Ai   routrhlv   cstiniatcil   to  he   n.ori2   c.c,   'lul    careful   weighing  has   since   shown    its   volume  to   he   as   above. 
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trc(|iK-iUl\  in  tlu-  supninr  i.ilpchril  coiijuiiciiN a  near  the  frjrnix  and  at  the 
ui)[)er  liordcr  ol  the  uiciitaiiii^'  iiK-mliraiu-.  These  areas  are  so  small  and  so 
transliucnl  tliat  tluy  can  Manely  \,v  -<-ni  eN(  ept  with  the  aid  of  the  loupe  and 
electric  ilhimination.  l-roin  llic  sccotid  to  the  sixth  hour  there  is  a  prf)gre>>ivc 
increase  in  the  conjunctival  edema,  the  localized  edematous  thickenings  extend- 
inj,'- and  coalescing  until  the  rini,'  of  swollen  edematous  conjunctiva  so  encroaches 
upon  the  pali)ebral  hssure  that  the  sclera  can  not  he  made  visible  even  by 
forced  separation  of  the  lid>.  The  conjunctiva  >>{  the  nictitating  membrane 
shares  in  a  marked  dci^nce  in  the  formation  of  this  edematous  ring.  The  bulbar 
conjuncli\a  also  >li(i\\>  a  well  marked  edema,  a  definite  chemosis  being  noted 
about  the  hfth  hour,  lietween  the  hfth  and  sixth  hours  after  ap[)lication  the 
cornea  begins  t(}  show  a  faint  clouding  or  haziness,  es[)ecially  in  that  portion  of 
its  lower  half  exposed  in  the  jialpehral  fissure.  The  cornea  is  less  lustrous  than 
normal  and  when  the  surface  is  \iewed  under  oblique  illumination  it  is  found 
to  he  somewhat  roughened  and  irregular,  indicating  areas  of  destruction  of 
the  corneal  ejjitheliuni.  There  is  an  increasing  formation  of  seropurulent  exu- 
date. Photophobia,  graduallx'  becomes  more  marked,  the  animal  resisting  all 
attempts  to  separate  the  lids.  Lacrimation  Ijecomes  excessive  to  the  point  of 
epiphora.      The  pupil  reacts  promptly  to  light. 

From  the  sixth  to  the  tzvelfth  hour  after  application  the  edema  of  both 
palpebral  and  bulbar  conjunctiv?e  continues  to  increase.  There  is  now  a  very 
definite  chemosis.  At  eight  hours  the  clouding  of  the  cornea  has  reached 
such  a  degree  that  it  may  be  properly  described  as  porcelain-like  because  of  its 
bluish  white  opalescence.  At  this  stage,  likewise,  there  was  noted  an  irregu- 
larly rounded  area  devoid  of  epithelium  located  in  the  mesial  superior  portion 
of  the  cornea.  At  ten  hours  the  lids  were  found  sealed  by  the  accumulated 
seropurulent  exudate  along  their  margins.  This  adhesion  of  the  lids,  first  noted 
at  this  stage,  is  a  constant  feature  until  the  gradual  subsidence  of  the  acute 
inflammatory  process  about  the  third  week.  Very  minute  subconjunctival  hem- 
orrhages are  likewise  first  noted  about  the  tenth  hour. 

From  the  tzvelfth  to  the  tzveiity-fourth  hour  the  picture  remains  fairly 
constant.  There  is  a  gradual  increase  in  the  edema  which  spreads  markedly  into 
the  periorbital  tissues.  (See  Figs.  1,  2,  and  3.)  The  stiffened  lids  stand  out 
widely  from  the  eyeball  and  along  the  lid  margins  there  is  desquamation  of  the 
epithelium  and  other  evidences  of  necrosis.  The  corneal  opacity  is  still  more 
marked  and  in  some  instances  there  is  a  purulent  fluid  in  the  anterior  chamber. 
This  hypopyon  was  never  in  great  amount  in  this  stage. 

During  the  second  dax  the  edema  remains  so  marked  that  the  eye  can  not  be 
thoroughly  examined  except  by  excision.  Eyes  thus  examined  at  two  hour 
intervals  show  a  continuous  progression  in  the  lesion.  The  edema  no  longer 
continues  to  increase  and  in  the  thirty-six-hour  specimens  a  definite  decrease 
can  be  noted.  In  spite  of  this  decrease  the  lids  become  even  more  indurated, 
indicating  an  increased  cellular  infiltration,  and  stand  out  far  from  the  eye- 
ball. The  edges  of  the  lids  remain  sealed  unless  forcibly  separated  and  in 
the  pocket  thus  formed  thick  purulent  exudate  accumulates.  From  the  forty- 
four-hour  stage  on.  this  accumulation  of  thick  purulent  exudate  becomes  a 
very  important   feature.     The  denuded  area  upon  the  cornea  increases  in  size 
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and  111  itiactically  all  cases  asMuncs  a  somewhat  circular  or  clli])lical  form,  oc- 
cupyiiii;'  ihe  i^realcr  pari  of  llic  corneal  surface  but  always  ajiproaching  more 
nearly  the  inner  quadrant  of  the  limhus  than  the  outer.  The  corneal  opacit\- 
increases  and  tre(|uently  shows  a  curious  distribution,  similar  to  that  which 
we  have  since  learned  has  been  described  in  human  cases  by  Pissarello.  This 
consists  of  a  fjreater  dej^ree  of  opacity  in  the  lower  half  of  the  cornea  termi- 
natinjj  in  a  more  opa(|ue  band  or  zone  runninj^  horizontalK'  throui(h   the  cornea 


^''^g-    1- — Tufiity-four    l-.ours    after    diri-ct    apiilicatidi    ot'    stan.lanl    dr'M.let    of    dictilorethylsulliliide    to    cornea 
of   right   eye.      ^Marked   edema   of  lids   and   surionnding   subcuTaneous   tissue. 


Fig.  2. — Twenty-four  hours  after  direct  applica- 
tion of  standard  droplet  to  cornea.  Marked  edema 
of  lids,  flecks  of  purulent  exudate.  The  marked 
corgestion  of  the  conjunctival  vessels  is  best  seen 
in  the  bulging  edematous  mass  of  the  superior 
jidlpebral    conjunctiva. 


Fig.  3. — Twenty-four  hours  after  direct  applica- 
tion of  standard  droplet  of  crude  mustard  gas 
liquid  to  the  cornea.  Extreme  edema  of  conjunc- 
tiva, especially  marked  in  upper  lid  and  nictitat- 
ing  membrane.      Seropurulent   exudate. 


I'ust  below  its  trans\erse  diameter.     This  was  best  seen   in  a  tliirt_\-bour  stage. 
The  marginal  lid  changes  become  mucb  more  marked  din-ing  this  ])eriod. 

The  decrease  in  the  edema  continues  through  the  ////;-(/  day  but  is  noted 
especially  in  the  palpebral  conjunctixa.  while  the  bulbar  conjuneti\a,  in  con- 
trast,   exhibits    a    chemosis    which    ap])ears    e\en    more    marked    than    hitherto. 
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Tlir  lU'crnsis  df  the  |i;il|ul)i;il  con  juiuti\  a  ;il  the  lid  ni.'ir^'iii'^,  aiifl  e\en  of  a 
zone  on  llu'  dcrnial  side  of  tlit-  li(I^  hfcomfs  more  evident,  for  now  tlierc  apfjcar 
numerous  shallow  ulcerations  resulting,'  from  separaticjn  of  the  necrotic  ma- 
terial. 

On  the  fourth  <{(ty  tin-  diminishing  edema  is  followed  hy  an  increased  con- 
j^estion.  More  numer()u>  and  larj^^er  suhconjuncli\al  hemorrhages  arc  fre- 
quently noted.  These  do  not.  lioweNcr,  occur  either  in  such  size  or  numbers 
as  to  perniii  ilic  lesion  to  he  characterized  as  hemorrhagic.  The  lids  become 
increasingly  sensiti\e  to  pressure  so  that  the  animals  gi\e  evidence  of  ])ain 
when  an  attempt  is  made  to  separate  them  more  widely.  In.  the  earlier  stages 
the  photophobia  seemed  to  be  tlie  feature  that  gave  the  animal  distress.  The 
up[)er   lid,    near   the   inner   canthus,    begins   to    show    a    "kinking"   or   "ruiHing" 


Fig.  4. — One  week  afttr  direct  application  of  standard  droplet  to  the  cornea.  Lids  <ti!l  somewhat 
edematous.  They  were  sealed  by  a  marked  purulent  exudate  which  adheres  along  the  lid  margins  and  to 
the  adjacent  hair.  A  marked  purulent  rhinitis  referable  to  involvement  of  the  mucosa  through  the  nasolac- 
rimal duct,  is  evident. 


of  the  margin.     This  is  a  constant  feature  in  the  later  stages.     The  marked  sero- 
purulent   exudate   persists. 

There  are  no  marked  changes  in  the  lesions  during  the  fifth  day.  The 
seropurulent  exudate  is  unchanged.  The  "rutfling"  of  the  upper  lid  is  more 
marked   and   the   lids  are   still   indurated   and   stand   far  out    from   the   eyeball. 

In  rabbits  that  have  been  repeatedly  examined,  thereby  separating  the 
lids  and  remo\  ing  the  accumulations  of  jiurulent  and  necrotic  material,  the 
exudate  is  less  in  amount  and  more  serous  on  the  sixth  day.  In  animals" 
allowed  to  remain  with  the  eyelids  sealed  for  days  at  a  time,  the  seropurulent 
exudate  persists  much  longer  and  is,  of  course,  much  more  destructive.  At 
this  time  the  necrotic  lid  hairs  and  the  hairs  of  the  face  near  the  inner  can- 
thus  begin  to  drop  out   resulting  in   some   instances  in  an  extensive  depilation. 

On   the  sereiith   dux   there   are   no   marked   changes   from   those  previously 
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(li'sciilird.  TIk'  (U'])ilatii>n  alioul  llic  imu-r  (.■anlluis  and  ovvv  llic  lids  is  more 
coniplcU'  and  there  is  a  Itei^inninj^^  entropion  of  the  npper  Hd  which  has  the 
cfToot  of  drawing-  the  stiff  ontstan(hnjr  hd  somewhat  toward  the  eyeball.  (See 
1m^.  4,  a  i)holo^rai)h  of  a  rahhit  showing;'  the  retardation  in  the  course  of  the 
lesion  when  the  lids  remain  sealed  and  tin-  purulent  exudate  accumulates  in 
the  conjunctival  sac.) 


Fig.  ."i. — Two  weeks  after  duia  ..iM'lKation  of 
standard  droplet  to  the  cornea.  Marked  reduction 
of  the  edema.  Much  less  purulent  exudate.  In- 
durated lids  exhibit  the  characteristic  "ruffling" 
and  partial  entropion  of  the  upper  lid  in  the 
later  stages,  and  the  smooth  ectropion  of  the 
lower  lid.  The  lower  half  of  the  cornea  shows  a 
marked  clouding. 


Fig.  6.^ — Two  weeks  after  direct  apjjlicatiou  of 
standard  droplet  to  the  cornea.  Marke<l  depila- 
tion  al)out  the  eye.  Characteristic  "ruffling"  and 
entropion  of  upper  lid  and  marked  ectrojjion  of 
the  lower.  The  corneal  cloudiness  and  lack  of 
luster  are  very  apparent,  likewise  the  apparent 
staphyloma  in  the  lower  half  of  the  anterior  quad- 
vant. 
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Fig.  7. — Two  weeks  after  direct  application  of  standard  droplet  to  cornea.  Specimen  obtained  by 
excision  of  lids  and  orbital  evisceration.  Marked  depilation,  especially  at  the  inner  canthus.  Characteristic 
"ruffling"   and   entropion   of  upper   lid.      Corneal   cloudiness. 

During  the  second- week,  the  lids  of  eyes  which  have  been  frequently  ex- 
amined no  longer  become  sealed  between  examinations,  and  the  exudate  de- 
creases to  a  small  amount  of  serous  fluid  carrying  a  few  flakes  of  pus  and 
necrotic  tissue.  The  upper  lid  border  comes  to  show  a  marked  degree  of 
"ruffling"  or  folding  at  the  lid  margin.     This  is  accompanied  by  an  irregularly 
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<li>tril)uU'<l  cmr(i])i(in,  Tlu'  lid  marLjin  itself  hcconics  smcKjlh.  rounded  and 
is  (k'\()i(l  (if  lashes.  The  lower  lid  shows  toward  the  end  oi  the  second  week 
a  marked  ectropion  with  the  same  smooth  rounded  marj^in  found  on  the  upfK-r 
lid.  The  i»eri()rl)ital  de])ilatioii  may  he  very  extensive.  The  corneal  opacity 
is  unchanged.  The  normal  corneal  curvature  may  be  distorted  by  small  ir- 
regular staplnloma-like  jjrojections  occurring  most  constantly  inferiorly  to- 
ward the  inner  canthus.  However,  these  on  section  arc  found  to  \>q  thicken- 
ings of  the  damaged  cornea  and  not  areas  of  bulging.  Hypopyon  may  be 
l)resent.      ( v'^ce   Figs.   5,  6,   /.) 

During  the  third  and  sithsdjuriit  uccks  the  changes  in  the  lesions  are 
slowly  progressive,  demonstrating  the  sluggish  character  of  the  reparative  proc- 
ess following  injury  with  mustard  gas.  The  "ruflling"  of  the  ui)per  lid  border 
persists  and  gradually  becomes  more  exaggerated  up  to  the  eighth  week  which 
terminates  our  period  of  observation.  The  ectropion  of  the  lower  lid  al.'^o  in- 
creases  in  degree,   reaching  in   some   cases   an  almost  complete  eversion.     The 


Fig.  S. — Three  weeks  after  direct  application  of 
standard  droplet  to  center  of  cornea.  Same  rab- 
bit as  Fig.  7.  Marked  ectropion  of  lower  lid. 
Porcelain-like  cloudiness  of  the  cornea  most 
marked   in   lower   half. 


Fig.  9. — Three  weeks  after  direct  application  of 
standard  droplet  of  dichlorethylsulphide  to  cornea. 
Specimen  obtained  by  excision  of  lids  and  eviscera- 
tion of  orbit.  Anterior  segment  of  Hobe  in  profile 
to  show  apparent  staphyloma  of  cornea  toward  the 
inner  canthus.  The  cornea  cloudiness  is  well 
shown. 


margins  of  the  lids  are  rounded,  thickened,  smocjth  and  glossy,  having  the  ap- 
pearance of  scar  tissue.  From  the  fourth  week  on  there  is  a  progressive  vas- 
cularization of  the  injured  cornea.  As  the  newly  formed  vessels  traverse  the 
limbus  the  usual  sharp  differentiation  between  sclera  and  cornea  becomes  ef- 
faced. By  the  sixth  week  this  process  of  organization  becomes  far  advanced 
and  the  new  formed  vessels  may  be  traced  to  the  central  region  of  the  cornea 
as  is  clearly  shown  by  Fig.  10.  The  organization  is  grossly  most  evident  in 
that  portion  of  the  cornea  which  show  ed  the  primary  porcelain-like  cloudiness. 
\\'hen  this  involved  the  entire  cornea,  as  in  the  case  figured,  there  results  a 
complete  opacity  of  the  cornea,  so  that  the  iris  and  pupil  can  no  longer  be  seen 
and  blindness  must  be  nearly,  if  not  quite,  complete.  (  See  Figs.  8.  9,  10,  11.  12.) 
The  Dog. — Following  the  direct  ai^plication  of  a  standard  droplet  of  liquid 
dichlorethylsulphide  to  the  cornea  of  the  dog.  the  changes  run  closely  parallel 
to  those  described  above  for  the   rabbit  and  it   seems  unnecessary  to  describe 
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llnMii  in  (K'lail.  Tlif  (.Milirsl  cliaii.m'S  arr  i(K'iUical.  At  llic  jicriod,  liowcvcr, 
at  which  the  i-al)hil's  rye  hcconu's  scaled  by  the  adhesion  of  the  lid  margins, 
tlie  ]i(i\\erlul  orhieularis  nuisele  ol"  tlie  dog  i^revcnts  this  occurrence.  As  a 
resnU  there  is  never  ihe  eni])ycma  of  the  conjunctival  sac  that  is  found  in  the 
rahhit    and    the    ewidate    seems   to   he    less    in    amount.      The    congestion    in    tlie 


Fig.  10. — Six  weelvs  after  direct  application  of  standard  droplet  to  cornea.  Coml)ined  ectropion  and 
entropion  of  ujiper  lid  with  resulting  "ruff.ing"  of  lid  margin.  IXctropion  of  lower  lid.  Organization  of 
the  necrotic  cornea  with  extensive  arborizations  of  newly  formed  lilood  vessels,  best  seen  in  the  upper 
half  of  the  cornea.  IJven  in  the  ])hotograph  these  can  be  traced  from  the  sclera  across  the  superior  arc 
of  tlie  linilnis  to  tlie  central  portion  of  the  cornea.  Tlie  same  eye  is  shown  in  the  next  two  figures,  .taken 
one   week  later  and  after  excision. 


Fig.  11. — Seven  weeks  after  direct  application 
of  standard  droplet  to  cornea.  Excised  speci- 
men. Complete  opacity  of  cornea  with  vasculariza- 
tion. "Ruffling"  of  upper  lid  with  areas  of  en- 
tropion and  very  marked  smooth  ectropion  of 
lower  lid.  Apparent  irregular  staphylomata  of 
cornea  are  areas  of  thickening  due  to  inliltration 
und   organization. 


Fig.  12. — Seven  weeks  after  direct  application 
of  standard  droplet  to  cornea.  Same  eye  as  in 
jireceding  figure.  Here  shown  in  profile  to  show 
marked  irregularity  of  corneal  surface.  Note 
esoecially  the  prominent  apparent  staphyloma  in 
the   sclera  toward   the   inner  cantluis. 


earlier  stages  is  more  marked,  or  at  least  more  evident,  than  in  the  rahhit. 
The  edema  and  the  corneal  necrosis  are  similar  with  the  exception  that  the 
localization  of  the  corneal  opacity  in  the  lower  segment  was  never  noted. 
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Till".  l\Ai!i!i'r.  The  s}nii)t<»iii->  and  ,i(''"~"^  |»athol()j^y  prcKlucc-cl  hy  exposure 
1(1  imislard  ^as  wipor  \ary  with  the  concent lation  of  the  vapor  and  the  lenj^lh 
ot  exposufe.  In  any  case,  they  differ  in  dej^MX-e,  hut  not  in  kind,  irom  those 
])ro(luced  hy  the  (hic-ct  apphcation  oi'  the  liquid  (hchl(jrethyl>ulijhide  to  the 
cornea  and  its  ininie(hale  s])rea(l  thr(»u,L;hMut  the  conjuncti\aI  sac  hy  hlinking. 
An  exposure  tor  lilleen  minutes  to  a  concentration  of  apin'oximately  1:20,000 
was  found  to  j^mnc  results  of  ahout  the  ^.anie  degree  oi  severity  as  those  pro- 
duced hy  the  standard  droplet  of  li(|uid  directly  aj)])lied.  Tlie  following'  notes 
are  ahstracted  from  a  [)rolocol  of  a  rahhit  suhjected  to  mu>tard  gas  vapor  for 
that  lime  and   at   that   strength. 

iVhout  li\e  minutes  after  heing  placed  in  the  gassing  chamber  the  animal 
commenced  to  show  signs  of  irritation,  increased  hlinking,  rubbing  of  the  eyes 
and  nose,  and  a  change  of  position  to  bring  the  head  as  far  as  possible  from 
the  aflluent  o[)ening  by  which  the  impregnated  air  was  being  introduced.  Im- 
mediately after  remo\al  from  the  chamber  the  animal  was  quiet  but  after  a 
short  interxal  continued  to  >how  increasing  signs  of  irritation  of  the  conjunc- 
tival and  respiratory  mucosa.  These  continued  for  the  next  few  hours.  At 
five  hours  after  gassing  a  well-marked  conjuncti\itis  was  present.  There  was 
increased  lacrimation,  redness  of  the  lid  borders,  beginning  edema  and  a 
marked  photojihobia.  After  sixteen  hours  the  signs  and  symptoms  were  all 
much  more  marked.  The  exudate  had  become  somewhat  mucopurulent;  con- 
gestion of  the  lid  liorders  and  conjunctiva  was  increased  and  likewise  the 
edema.  The  animal  kept  both  eyes  closed  because  of  the  photophobia,  which 
seemed  much  more  marked.  The  edema  reached  its  height  about  twenty- four 
hours  after  exposure,  and  a  well  marked  chemosis  was  then  evident.  All  skin 
surfaces  where  the  hair  was  thin  showed  a  definite  erythema.  This  was  es- 
pecially marked  on  the  lids  and  c(jnvexity  of  the  ears.  A  bilateral  rhinitis  with 
abundant  serous  exudate  also  appeared  at  this  time.  The  inflammatory  changes 
of  the  upper  respiratory  tract  were  much  worse  at  thirty-six  hours,  the  wheez- 
ing respiration  being  distinctly  audible  at  a  distance.  The  eyes  were  sealed,  and 
upon  separation  of  the  lids  a  large  amount  of  thick  purulent  exudate  appeared. 
The  conjunctivae  were  edematous  and  congested,  and  there  were  a  few  minute 
subconjunctixal  hemorrhages. 

The  lesions  progressed  slowly  as  described  for  those  produced  by  direct 
application.  At  seventy-two  hours  the  clouding  of  the  lower  half  of  the  cornea 
had  appeared  to  a  marked  extent.  The  lids,  having  lost  their  edema  to  a  con- 
siderable degree,  remained  shfi  and  stood  out  far  from  the  eyeball,  showing 
the  first  signs  of  the  "ruffling"  previously  described.  At  ninety-six  hours  the 
lid  borders  began  to  show  loss  of  the  necrotic  epithelium  with  the  formation  of 
shallow  ulcers.  The  corneal  surface  became  roughened  through  loss  of  the 
epithelium,   but    no   deeper   ulceration    could    be   demonstrated. 

The  lesions  produced  by  this  metliod  ha\  e  not  been  observed  up  to  the 
stage  of  comi)lete  healing,  as  was  done  with  those  produced  by  direct  appli- 
cation ;  but  there  are  no  ajiparent  dififerences  in  the  nature  of  the  sluggish 
reparative   processes   in   the   two   cases. 
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\\  c  lia\c  ancini»tf(l  to  Ncrify  llic  slalcmciU  of  Xiclor  Meyer  thai  sult- 
culancous  injcclion  of  (licliloniliylsulphidc  deteniiincs  the  occurrence  of  a 
coiijunctix  itis,  iiuhcating  not  only  a  metastasis  of  the  toxic  substance  tlirough 
the  blood  stream,  but  also  a  selecti\e  affinity  or  special  susce])tibilit\  of  the 
conjuncti\a.  For  this  purpose  we  ha\e  used  a  series  of  four  albino  rabbits, 
two  hares  and  two  doi^s.  The  albino  rabbits  offered  the  greatest  prospect  of 
success,  since  in  ihem  the  slightest  conjunctival  congestion  can  be  readily 
seen.  Tn  the  cases  of  the  rabbits  and  hares  one  minim  of  dichloretlnlsulphide 
was  gi\en  as  a  subcutaneous  injection.  In  no  instance  was  an\'  trace  of  con- 
junctivitis or  any  other  ocular  change  i)ro(luced.  The  site  of  injection  developed 
a  wafer-like  induration  which  dried  down  to  a  deep-seated  eschar.  In  every 
case  there  developed  a  foul  diarrhea  to  which  most  of  the  animals  succumbed 
on  about  the  sixth  dav.  One  large  dog  received  four  minims  subcutaneously. 
There  was  no  conjunctivitis,  but  a  severe  diarrhea  developed,  and  death  oc- 
ciu'red  on  the  fourth  day.  Another  dog  was  fed  4  minims  in  meat.  Severe 
burns  of  the  mouth  and  ujiper  alimentary  tract  were  produced  but  there  was 
no  conjunctivitis.  These  lesions  in  the  gastrointestinal  tract  will  be  considered 
more  fullv  in  a  subsequent  report.  Attempts  to  produce  conjunctivitis  or 
other  eve  lesions  by  intravenous  injection  have  also  failed;  although  this  fact 
has  little  weight  since  death  occurs  too  soon  to  permit  the  development  of 
marked  changes. 

RELATIOXS    OF    PANOPHTHALMITIS    TO    DIC  H  LORETH  YLSULPH  IDE    LESIONS 

In  the  ocular  lesions  produced  by  the  standard  droplet  and  by  exposure  to 
a  vapor  concentration  of  1  :20,000  for  fifteen  minutes,  with  ordinary  care  given 
to  the  eyes  so  treated,  by  separation  of  the  lids  to  allow  the  purulent  exudate 
to  drain  out,  no  evidence  of  jianophthalmitis  was  observed ;  and  by  the  end  of 
the  fourth  week  healing  was  usually  complete.  But  in  animals  exposed  as 
above,  with  eyes  untreated,  Hds  allowed  to  remain  sealed  and  exudate  to  ac- 
cumulate, within  three  weeks  there  may  develop  a  purulent  panophthalmitis 
which  by  the  sixth  week  usually  destroys  the  entire  eyeball  with  complete  sup- 
puration of  all  orbital  tissues.  When  a  larger  dosage  is  given,  and  the  eyes 
untreated,   a  panophthalmitis  may  develop   more   rapidly.      (See   Fig.   43.) 

Protocol. — ^One  series  of  four  rabbits  was  treated  with  a  heavy  application 
of  licjuid  dichlorethylsulphide  to  the  center  of  the  cornea.  The  amount  apjilied 
was  about  twice  that  of  the  standard  application.  In  three  rabbits  the  eyes 
were  left  untouched  for  five  weeks,  in  the  fourth  for  six  weeks.  After  the 
first  sealing  of  the  lids  there  was  no  se])aration  of  the  same  to  allow  the  puru- 
lent exudate  to  escape.  As  a  result  an  empyema  of  the  conjunctival  sac 
developed  with  subsequent  destruction  of  the  eye  from  a  su])purative  pan- 
ophthalmitis. These  eyes  all  showed  the  same  gross  picture ;  ])erforation  of 
the  cornea,  necrosis  and  abscess  formation,  loss  of  the  contents  of  the  globe, 
and  sui)puration  of  all   orbital   contents. 
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In  our  cases  tlit-  occurrence  of  panophthalmitis  is  <lue  c-ntircly  to  sccond- 
arv  infection,  which  occurs  uUimately  after  ^cneral  weekN  in  the  untreated 
cases  after  sHj^ht  .l,^a^^in}^  ;  hut  much  more  rapidiv  after  heavier  dosaj^e.  The 
patholoj^ic  chanjj^es  produced  Ia  (hchl(»r(th\  1-ulphide  are  covered  up  In'  those 
due  to  secondar\-  infection. 

I'l.fOkKSCKrx    TKST 

The  standard  method  of  api)l\inj^  an  alkahne  afiue<nis  s(^lution  of  fluorescein 
for  the  determination  of  corneal  ulceration  was  carried  out  on  a  scries  of 
eyes  at  ilitVerenl  lime  interxaN  followinj^  exposures  to  dichhirelhylsulphide. 
A  2  per  cent  alkaline  watery  solution  was  used.  Ten  minutes  after  the  direct 
application  of  the  standard  droplet  to  the  center  of  the  cornea,  several  minute 
pinpoint  areas  at  the  vertex  of  the  cornea  retained  the  fluorescent  green  color- 
ation. These  minute  areas  increased  in  numher  so  that,  within  fifteen  minutes 
after  the  exposure,  the  vertex  of  the  cornea  appears  peppered  with  these  spots 
in  a  small  circular  area.  These  pinpoint  areas  increased  iii  size,  and  became  con- 
fluent in  about  thirty  minutes  after  exposure.  By  one  hour  they  were  fairly 
uniformly  confluent.  From  this  time  on  the  fluorescein  staining  showed  a 
gradually  increasing  depth  of  penetration  and  a  spreading  of  the  circumference 
of  the  staining  area  over  the  cornea,  especially  toward  the  inner  canthus.  The 
depth  of  the  intravital  staining  reaction  is  greatest  at  the  vertex  of  the  cornea 
and  decreases  laterally.  At  the  end  of  forty-eight  hours  a  narrow  crescentic 
area  toward  the  outer  canthus  remains  unstained  showing  that  the  necrosis 
in  this  area  occurs  more  slowly  than  elsewhere.  After  exposure  to  the  vapor 
of  dichlorethylsulphide  the  fluorescein  staining  reactions  are  the  same  as  after 
direct  application.  This  intravital  fluorescein  staining  is  parallel  in  intensity 
to  the  necrosis  of  the  corneal  epithelium  as  shown  by  the  microscopic  study 
of  the  same  stages.  The  earliest  intravital  staining  occurs  at  the  same  time 
that  the  pyknosis  of  the  corneal  epithelium  becomes  evident,  before  any  ulcera- 
tion or  abrasion  takes  place.  The  use  of  this  test  is  therefore  of  the  greatest  im- 
portance clinically  in  determining  the  severity  and  progress  of  the  lesions  and 
the  effects  of  therapy. 

SU.VtMAKV    OF    GROSS    PATHOLOGIC    CHANGES 

1.  The  standard  drop  of  0.00C4  c.c.  when  applied  directly  to  the  cornea 
of  animals  was  found  to  produce  results  practically  identical  with  those  pro- 
duced by  an  exposure  of  15  minutes  to  a  vapor  concentration  of  1  :20.0C)0.  The 
criticism,  therefore,  that  the  use  of  the  standard  drop  produces  changes  not 
comparable  to  those  obserxed  in  exposure  to  dichlorethylsulphide  vapor  does 
not  hold.  Further,  the  use  of  the  standard  drop  is  a  much  more  convenient 
and  accurate  way,  as  well  as  a  safer  method,  of  handling  this  material  for 
experimental  purposes.  Further  the  use  of  the  direct  application  method 
avoids  the  complication  of  respiratory  or  general  cutaneous  involvement  fol- 
lowing the  exposure  of  the  animal  in  a  gas  chamber. 

1.  Dichlorethylsulphide  produces  after  one  or  two  minutes  exposure  to 
drop  or  highly  concentrated  va])or  a  definite  irritation  of  the  conjunctiva  with 
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iiHToaso  <it"  lacrimation.  I'sually  within  thiiU  mimitcs  lluTc  is  a  wrll-markecl 
h\  piTi'inia,  tollnwod  in  an  liDni"  liy  llu-  (IcxclopnK'nt  of  edema,  wliicli  proi^resses 
rapidly  np  id  llu'  iwrlt'lh  lidnr  wIumi  iIutc  is  usually  a  well-marked  chemosis. 
Minute  suheonjnneliv  al  hemoniia^es  ma\  (le\el')])  as  earh'  as  the  tenth  liour. 
o.  In  animals  the  edema  (le\-el()])s  first  and  most  marked!)'  in  the  pali)el)ral 
conjunetix  a,  tollowinf^-  the  direct  application,  whili'  in  the  exposure  to  mus- 
tard <,fas  ^a])or  it  fre(|uently  de\elo])S  first  in  the  hulhar  coni'unctiva,  this 
beiiifi^  practically  the  onl\'  diiTerence  obser\  ed  in  the  elTects  of  the  two  methods. 
By  the  end  of  the  third  day  the  edema  bei^ins  to  sul)side  slii,ditly,  but  ])ersists 
to  some  degree  for  several  weeks.  In  man  the  edema  is  less  marked,  more 
irregular,  while  the  hyperemia  is  more  marked,  and  minute  vesicles  may  be 
found  on  the  conjimctixal  surface. 

4.  The  necrosis  of  the  cornea  is  .shown  by  a  definite  cloudiness  develop- 
ing in  ti\e  to  si.x  hours  which  usually  at  eight  hours  has  reached  such  a  degree 
that  the  cornea  takes  on  a  ])()rce]ain4ike  appearance  in  the  form  of  a  ^'ery 
characteristic  l)luish  white  opalescence.  In  tlie  mildest  cases  the  lesion  does  not 
progress  bevond  a  slight  cloudiness.  Inlra\ital  staining  with  an  alkaline  aque- 
ous solution  of  fluorescein  shows  verv  early  the  development  of  the  corneal 
necrosis,  even  before  ulceration  has  occurred.  A  striking  phenomenon  is  the 
frequent  occurrence  of  a  more  opaque  band  or  hue  running  horizontally  across 
the  cornea  just  below   its   transverse   diameter. 

5.  A  seropurulent  exudate  is  well  develojied  by  the  fifth  to  the  sixth  hour 
and  increases  until  the  eyelids  are  usually  sealed  by  the  accumulated  exudate 
b\^  the  tenth  hour.  This  adhesion  of  the  lids  remains  a  constant  feature  until 
the  gradual  subsidence  of  the  inflammatory  process  about  the  third  week. 
The  edges  of  the  lids  remain  sealed  unless  forcibly  separated.  If  the  eyes 
are  frequently  examined  with  consequent  separation  of  the  lids  and  removal  of 
the  accumulated  exudate,  the  stage  of  jnirulent  exudation  is  preceptibly  shortened. 

6.  ^\'ith  the  subsidence  of  the  edema  a  characteristic  kinking  or  "ruf- 
fling" of  the  upper  lid,  a  combined  entropion  and  ectropion,  appears,  usually 
by  the  fifth  or  sixth  day.  At  the  same  time  the  lower  lid  begins  to  exhibit 
a  smooth  ectropion. 

7.  Depilation  of  the  lid  hairs  and  of  the  face  hairs,  eventually  about  the 
entire  orbit,  takes  place. 

8.  During  the  second  week  changes  in  the  corneal  curvature  are  constantly 
noted,  some  of  these  so  marked  as  to  appear  staphyloma-like. 

9.  Hvpopyon  sometimes  occurs.  Clouding  of  the  contents  of  the  ante- 
rior chamber  occurs  quite  regularly   in  the  later  stages. 

10.  From  the  third  week  on  the  lesions  slowly  progress  in  a  manner  char- 
acteristic of  the  mustard  gas  lesion  of  the  skin  towards  resolution  and  repair. 
The  "ruffling"  of  the  upper  lid  increases  up  to  the  eighth  week  while  the 
ectropion  of  the  lower  lid  frequently  reaches  the  point  of  complete  eversion. 
Progressive  vascularization  of  the  cornea  takes  place,  the  vessels  usually-  reach- 
ing the  center  of  the  vertex  by  the  end  of  the  sixth  week.  Corneal  cicatri- 
zation, marked  impairment  of  vision,  and  thickening  of  the  eyelids  and  nicti- 
tating membrane  are  the  ultimate  sequeUe.     Even   in   the  lighter  cases  in  man, 
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llu'  I'dcma  and  hy])CTi'inia  nf  llic  cdniuiulix  ;c  tend  to  run  a  thronic  c<Hn">c  with 
rcsnltin;;  \isnal  di^turl)aiucs  and  icductinn  of  xi'-ion.  An  incrcascfl  su-;ccp- 
liliilil\-    to   llir   \  a]ioi-  may    (\v\  do]). 

II.  Srrondai\-  in  fc'ilioii.  In  animals  exjxjscd  to  the  standarcl  rlrop  (jr 
vapor  concentrations  ol"  1  :2(),()()(),  followed  by  treatment  of  the  eyes,  jmrulent 
panophthalmitis  has  not  heen  ohser\ed  to  de\el(jp.  In  the  case,  hf;we\cr.  of 
untreated  eves,  and  follow  in.i,^  hea\ier  dosaj^e,  su])pnrative  ]).anophthalmitis  does 
(lex'elo])  with  conijilete  destruction   of   the  eyeball. 

II,     MlC'UnSC'ol'K'  I'ATIK  )\J)i)\ 

'rccluiic. — Every  care  was  taken  to  ])re\ent  the  formati'Hi  of  artefacts, 
either  postmortem  or  technical.  The  eye  was  remo\ed  at  once  from  the  freshly 
killed  animal  by  a  wide  incision  encirclinf^  the  lids  and  eviscerating  the  orbit. 
It  was  at  once  placed  in  the  hxint^  fluids,  a  neutral  f(jrmol  \.v\n^  used  for  the 
greater  part.  The  specimen  was  left  in  the  hxing  fluid  about  forty-eight 
hours  before  being  sectioned,  at  which  time  uniform  blocks  of  tissue  were  se- 
lected. These  were  so  oriented  as  to  give  \  ertical  sections  through  the  entire 
eyeball,  a  section  through  the  inner  canthus  and  one  through  the  lacrimal  gland 
from  each  eve.  The  lens  was  removed  from  the  eyeball  after  thorough  harden- 
ing, in  order  to  facilitate  the  cutting  of  thin  sections.  These  tissues  were 
embedded  in  paraffin,  the  sections  were  transferred  to  the  celloidin  sheet  and 
stained  with  hemalum  and  eosin  and  by  other  ordinary  staining  methods. 

Rabbit. — One  Quarter  Hour. — The  changes  observed  are  of  slight  de- 
gree, consisting  of  contraction  and  pyknosis  of  the  corneal  epithelium  which 
is  more  marked  at  the  vertex  and  less  marked  over  the  limbus.  Likewise  the 
cells  of  the  substantia  propria  show  a  slightly  greater  degree  of  pyknosis  and 
contraction  than  in  control  preparations.  The  bulbar  and  palpebral  conjunc- 
tivse  show  a  similar  pyknosis  and  contraction.  In  the  fornix  there  is  a  more 
decided  vacuolation  of  the  conjunctival  epithelium.  The  epithelium  of  the 
cutaneous  surface  of  the  eyelid  shows  also  slight  pyknosis  and  contraction.  In 
the  region  of  the  inferior  fornix  alone  does  the  subconjunctival  connective  tis- 
sue show  a  well-marked  edema.  In  the  upper  fornix  the  edema  is  less  marked. 
The  lacrimal  gland  shows  a  marked  distention  of  its  gland  spaces  which  are 
filled  with  secretion.  Harder's  gland  and  the  tarsal  glands  show  no  changes, 
likewise  the  sinus  hairs.  The  blood  vessels  of  all  parts  are  anemic  rather 
than  congested.     There  is  no  hemorrhage  and  no  thrombo,sis. 

One  Half  Hour. — Changes  identical  with  those  above,  except  a  little  more 
marked  in  degree.  Pyknosis  and  vacuolation  are  a  little  more  pronounced. 
The  edema  is  much  greater,  particularl\-  around  the  lacrimal  gland.  The  dis- 
tention of  the  lacrimal  gland  is  greater,  and  its  cells  show  a  marked  vacuola- 
tion.    Greater  congestion  in  all  parts. 

One  Hour. — The  only  changes  are  an  increase  in  the  edema  and  con- 
gestion. 

One  and  (hte  Half  Hour.s-.-  -The  pyknosis  of  the  corneal  epithelium  is  as 
above,  hut  the  substantia  pi-oj^ria  shows  a  distinctly  more  marked  pyknosis  of 
the  corneal  cells  extending  entireh    through  the  cornea  at  the  vertex.     A  large 
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poilion  (it  the  t'iul<ill)(,'liuin  of  the  anlcrior  chamber  shows  marked  [)yknosis  and 
conlraction.  The  con jvmclixal  epithelium,  holh  hidhar  and  palpebral,  shows 
an  increased  degree  of  pyknosis  while  the  subconjunctival  connective  tissue 
shows  now  a  niarketi  edema,  extending  entirely  through  the  eyelids.  It  is 
especially  noteworthy  that  many  of  the  blood  vessels  appear  partly  collapsed, 
with  a  relative  anemia,  while  others  are  moderately  congested.  The  lacrimal 
gland  shows  the  same  active  secretion,  many  of  the  acini  being  greatly  dilated, 
and  filled  with  secretion.  The  vessels  of  the  gland  are  congested  and  there  is  an 
increased  number  of  wandering  cells  throughout  the  gland.  The  stroma  of 
the  gland  and  the  surrounding  stroma  show  extreme  edema.  The  tarsal  glands 
show  groups  of  pyknotic  alveoli.  The  epithelium  of  the  membrana  nictitans 
shows  less  change  than  that  of  the  bulliar  and  pali)ebral   conjunctivse. 

7\(.'o  Hours. —  (See  Fig.  13.)  Pyknosis  of  the  corneal  epithelium  is  com- 
plete. It  is  impossible  to  recognize  the  individual  cells.  The  substantia  propria 
stains  more  diffusel\-  blue  and  the  endothelium  of  the  anterior  chamber  shows 
a   greater   degree   of   pyknosis   and   vacuolation.      Similar  changes   occur   in   the 


Fig.  13. — Cornea  two  liours  after  application  of  standard  droplet.  First  stage  of  necrosis  of  corneal 
epithelium  and  of  the  cells  of  the  interstitial  substance.  Marked  pyknosis  of  the  corneal  epithelium,  the 
cells  of  the  lowest  layer  alone  being  barely  distinguishable.  The  nuclei  of  the  interstitial  substance  and  of 
the  endothelial   lining  of  the  anterior  chamber   are  also  pyknotic.      Section  taken  at   corneal  vertex. 

palpebral  and  bulbar  conjunctivse  and  in  the  epidermis  of  the  eyelids.  The 
edema  of  the  eyelids  is  now  extreme,  being  most  marked  on  the  conjunctival 
surface.  (See  Fig.  27.)  There  is  an  increase  of  wandering  cells  throughout 
both  upper  and  lower  eyelids,  but  no  well-marked  cellular  infiltrations.  Many 
of  the  blood  vessels  show  a  well-marked  congestion.  The  membrana  nictitans 
shows  a  marked  pyknosis  of  its  epithelium  and  a  marked  edema  of  its  stroma, 
its  thickness  being  increased  about  ten  fold.  The  lacrimal  gland  shows  a 
marked  distention  of  all  its  gland  spaces  and  a  marked  vacuolation  of  its  epi- 
thelium which  appears  distinctly  more  columnar  in  shape.  The  cells  of  Harder's 
gland  stain  very  dee]>ly  and  are  contracted  and  pyknotic,  and  have  lost  their 
granular  appearance  to  a  marked  degree.  The  Meibomian  glands  show  a  simi- 
lar marked  pyknosis  involving  all  of  the.  alveoli.  The  adipose  tissue  around 
the  eye  and  about  the  tarsal  glands  shows  a  marked  edema  and  gives  a  marked 
mucin  staining  reaction. 

Three  Hours. — The  cornea  is  as  before.  The  epithelium  of  the  conjunctiva, 
both  bulbar  and  palpebral,  shows  a  greater  degree  of  necrosis.     The  edema  is 
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iiukIi  more  niarkc(l  Ixiicilli  liolli  the  l.iill.;ir  and  palixlual  conjunctiva,  amount- 
\n'^  almost  to  a  licnict.K  I  ion  of  tlic  tissue.  There  is  now  a  well  marked  [xAy- 
nuclear  inlillralion  IkiiciiIi  (lie  conjunctival  epithelium  and  extending.,'  tlirou^h- 
out  tile  entire  lid.  The  epidermrd  surface  of  the  eyel'ds  shows  now  a  well- 
marked  pyknosis  and  karvorrhexis  of  the  nuclei  of  the  dermis,  particularly  of 
of  the  papillary  layer,  with  a  well-marked  jjolynuclear  infiltration,  the  chanj^cs 
heiii.y  identical  with  those  descrihed  in  tlie  article  on  the  -kin  lesions,  with  the 
cxce])tion  that  the  cellular  infiltration  is  .s(jnicwhat  more  [>rominent  than  was 
found  in  the  skin.  The  xessels  show  a  more  marked  conj^estion  than  in  any 
of  the  i)revious  slat,'es.  The  lacrimal  gland  show.s  the  same  distention  of  the 
alveoli  hut  the  cells  are  less  columnar  and  the  nuclei  show  some  pyknosis  and 
karyorrhexis.  The  ^land  of  Harder  and  the  tarsal  glands  show  the  same  pyknosis 
as  in  the  preceding  stage.  'J'he  changes  in  the  epidermal  surface  of  the  eyelid 
have  advanced  in  necrosis  rmd  cellular  infiltration. 

Four  Hours. — Changes  m  the  cornea  appear  as  in  the  preceding.     Bulbar 


Fig.  14. — Section  of  cornea  at  vertex  five  hours  after  direct  application  of  standard  droplet.  Desqua- 
mation of  necrotic  epithelium  in  center  of  vertex.  Pyknosis  of  remaining  epithelium  and  of  cells  of  the 
inteistitial    substances.      Conii)lcte    necrosis   of    endothelial    cells   of   anterior    chamber. 

and  palpebral  conjunctivae,  membrana  nictitans  and  epidermal  surface  of  eye- 
lids show  increasing  edema  and  cellular  infiltration.  The  lacrimal  gland  shows 
extreme  distention  and  the  cells  of  many  acini  are  flattened  and  \  acuolated  as 
in  a  state  of  exhaustion  atro[)hv.  Harder's  gland  shows  a  well-marked  vacuola- 
tion  of  its  epithelium,  many  of  the  cells  showing  large  clear  droplets,  edema. 
Likewise  the  tarsal  glands  show  edema.  In  the  palpebral  and  bulbar  conjunc- 
tivje  the  cellular  inhltrati(.n  is  increased,  and  the  lymph  follicles  in  the  palpebral 
conjuncti\a  show  great  numbers  of  wandering  cells.  \'essels  are  greatly  con- 
gested. 

Five  Hours. — (See  Fig.  14.)  The  corneal  epithelium  is  in  part  desquamated 
over  the  region  of  the  vertex,  and  about  this  the  epithelium  shows  marked  dis- 
sociation and  vacuolation.  The  substantia  propria  now  stains  lighter  in  color, 
manv  of  its  nuclei  being  onlv  shadows.     At  the  sclerocorneal  junction  there  is 
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now  a  w  Lll-iiiarkc'd  inrillralioii  of  ])()lynuclcars,  most  marked  just  liencath  the 
|>\kiiotic  <.'pitlK'lium.  The  ui)|)er  and  lower  hds  show  extreme  edema  (see  Fig. 
2S  )  and  maiked  small  celled  inl'illralion  extending  through  the  entire  thickness 
and  there  is  a  marked  inhllralion  of  ])olynuclears  throuj^hout.  which  is  more 
marked  heneath  the  palpebral  conjurictiva  near  the  ])alpebral  l)order.  In  this 
region  the  conjunctival  epithelium  is  desquamating  and  there  is  developing  an 
ulcerating  surface.  The  adherent  dead  epithelium  is  infiltrated  with  polynu- 
clears.  'J'he  blood  vessels  show  congestion.  There  is  no  thrombosis.  On  the 
epidermal  border  of  the  lids  there  is  beginning  desquamation  of  the  dead  epider- 
mis. The  sebaceous  glands  near  the  margin  of  the  lid  show  sebum  retention. 
Likewise  on  the  lower  lid  near  the  palpebral  margin,  there  is  noted  the  first 
development  of  ulcer  or  slough,  and  the  membrana  nictitans  shows  loss  of  its 
epithelium  in  areas.     Lacrimal,  Harder's  and  tarsal  glands,  as  in  the  preceding. 

Six  Hours.- — Changes  identical  with  above. 

Hi  (/lit  Hours. — The  only  change  noted  from  the  above  is  an  increase  in  the 
ulcer  on  the  conjunctival  surface  near  the  palpebral  margin  in  both  upper  and 
lower  lids,  more  marked  in  the  upper.     (See  Fig.  29.) 

Ten  Hours. — Cornea  show-s  gradual  loss  of  chromatin.  Stains  more  palely. 
On  the  eyelids  the  necrosis  of  the  epidermis  and  eschar  formation  has  pro- 
gressed while  almost  the  entire  conjunctival  epithelium  is  completely  disinte- 
grated, forming  a  granular  layer  infiltrated  with  polynuclears.  The  exudate 
is  most  marked  near  the  palpebral  border  wdiere  there  is  a  distinct  ulcer  covered 
with  exudate.  Intense  edema  and  congestion  as  in  the  preceding.  Small  pin- 
point hemorrhages  occur  in  the  subconjunctival  connective  tissue.  Both  the 
lacrimal  and  Harder's  glands  show  more  marked  vacuolation.  Increased  poly- 
nuclear  infiltration  throughout,  extending  even  into  the  orbital  tissues. 

Tivch'C  Hours. — At  the  corneal  vertex  the  cornea  is  dead  throughout  ha\-- 
ing  completely  lost  its  nuclei.  The  corneal  epithelium  is  desquamated  over  the 
vertex,  and  only  here  and  there  are  there  faint  outlines  of  the  nuclei  of  the 
suli-tantia  propria.  The  pyknotic  and  vacuolated  endothelium  of  the  anterior 
chamber  is  still  intact.  The  escharization  of  the  epidermal  surface  of  the  lids 
is  complete,  and  desquamation  of  both  bulbar  and  palpebral  conjunctival  epi- 
thelium is  nearly  complete.  Congestion  is  very  marked  and  there  are  numerous 
minute  hemorrhages  by  diapedesis  both  beneath  the  epidermal  surface  and  in  the 
subconjunctival  connective  tissue.  The  edema  is  even  more  marked  than  in 
the  preceding  stages,  involving  the  whole  eyelid,  and  the  lymphatics  are  enor- 
mously distended.  The  lacrimal  gland  is  as  before,  but  Harder's  and  the  tarsal 
glands  show  marked  edema  and  liquefaction  necrosis.  There  are  masses  of 
exudate,  rich  in  polynuclears,  adherent  to  the  conjuncti\'a  at  the  lid  margins, 
the  result  of  drying  and  concentration  of  the  secretion,  but  near  this,  minute 
collections  of  polynuclears  beneath  the  conjunctiva  suggest  beginning  infection. 
The  fluid  of  the  edema  now-  assumes  the  same  hyaline,  finely  granular,  deeply 
pink  staining  appearance  as  found  in  the  subcutaneous  tissues.  (See  Article  on 
,Skin  Lesions.*) 

Fourteen  Hours. — Changes  as  above,  but  slightly  advanced.     Intense  con- 


*Jcnirnal   of    I.alionitory  and   Clinical    IMcdicinc,   May.    1918.   iii.    No.   S. 


OlHU.AR    I.I'.NIONS    I'KDDrCI-.l)    |!V    "  M  I  STA  KI)    <',AS"  K03 

L;(.'sli()ii.  I  Nil\  innlcir  iiililt  i;il  i(  m  of  llir  imi^clc.  Xuiiicnni-  licnion'li;it,'c>  ;ihoul 
tlio  f^M-call)'  (listciidrd  \r>>t'K.  Secondary  ihronihosis  Ijc^diiniiij,'.  More  inarkcfl 
liohniiolcar  iiirillration  into  ilu-  suliconjunclival  connective  ti>-ue.  Hea\y  gran- 
ular i)i(Hii)ilalc  in  (lie  ilistended  al\i-oli  of  the  lacrimal  ^dand.  Tliese  contain, 
likewise,  i;real  innnhei-s  of  alliuniinous  spherules,  staininj^  dee])  \  iolet  ov  pink, 
derived   from   the  disintet^n-ation  of  the  cells. 

Fifteen  Hours. — Chanj,a's  as  ahove  with  more  marked  ])olynuclear  infiltra- 
lion  al  the  scK'rocoi  neal  juiiclion,  in  ihc  oinlai-  nui-cle-  and  in  the  orbital  tis- 
sues. I'.c'i;innin>^  inftTtion  ol  the  (dniuncli\a]  u]cer>  near  the  palpebral  border. 
I)il"fn-t'  inllammalion  of  the  iMiliie  pt'ri])\in)ar  tisMies.  It  is  a  notable  fact  that 
the  >ebaceoii>  ijland>  lui  tin-  ei)idermal  surface  of  the  lids  show  penetration  with 
the  dicliIorelh\lsuI])lii<K',  and  necrosis  while  the  larj^e  (jncs  at  the  palpebral  mar- 
gin seem  to  escape. 

'  Sixteen  //o((;-.s-.  -Complete  loss  of  the  necrotic  epithelium  over  the  corneal 
vertex.  Increasin^.,^  |)olynuclear  infiltration  at  the  sclerocorneal  junction.  Edema 
of  the  ciliarv  bodv  and  ciliary  rin^.  Increasing  polynuclear  infiltration  and 
greater  collection  of  pus  at  the  i)aliiebral  borders. 

Hif/litecii  Hours. — Nearly  complete  necrosis  of  the  cornea  except  toward 
the  periphery  of  the  limbus.  On  the  lids  escharization  is  extending,  the  necrosis 
reaching  into  the  suliconjunctival  tissue  and  into  the  subepidermal  tissues  on 
the  cutaneous  side.  It  is  notable,  however,  that  the  subcutaneous  necrosis  is 
deeper  than  the  subconjunctival.  On  the  skin  surface  the  necrosis  extends 
nearly  through  the  de])th  of  the  lower  border  of  the  sebaceous  glands.  The 
epithelium  of  the  entire  margin  of  the  lids  is  now  comi)letely  necrosed  and  des- 
quamated. Over  the  entire  surface  of  the  conjunctiva  including  the  membrana 
nictitans  the  epithelium  is  now  necrotic  and  desquamating,  but  the  necrosis  ex- 
tends but  very  little  into  the  subepithelial  connective  tissues.  For  the  first 
time  changes  are  observed  in  the  erectile  sinus  hairs  of  the  upper  lid.  the  epi- 
thelium of  the  hair  follicle  showing  some  pyknosis  and  contraction. 

T^centy  Hours. — Comjilete  necrosis  of  the  cornea,  in  the  central  portion 
extending  to  the  endothelial  lining  of  the  anterior  chanil)er  which  is  partly  ne- 
crotic and  desquamating.  Conjuncti\al.  lid  and  gland  changes  as  above.  The 
large  sebaceous  glands  at  the  lid  margin  show  a  more  marked  polynuclear  in- 
hltration  than  in  an\-  of  the  preceding.  Congestion,  edema  and  minute  hem- 
orrhages as  in  preceding  stages. 

Txccntx-tico  Hours. — Comjilete  death  of  cornea  in  central  portion,  with 
loss  of  epithelium  and  endothelium  of  anterior  chamber,  (^nly  scattered  nuclei 
through  the  dead  substantia  propria.  Eyelids  show  the  same  extreme  edema, 
congestion  and  numerous  hemorrhages  by  diapedesis  around  the  congested  ves- 
sels as  in  the  ])receding.  Init  with  an  increasing  small-celled  infiltration.  Fibro- 
l)lastic  proliferation  first  observed  in  the  subconjuncti\al  connective  tissue. 

Twe)itx-four  Hours.  Cornea  comitletely  necrotic  except  near  the  sclero- 
corneal junction.  lis  lamina-  are  sciiarated  and  there  is  a  collection  of  fluid 
between  the  separated   lamin;c.      Ivlema  at   its  height  :  other  changes  as  above. 

T-cVoity-six  Hours. — Necrosis  of  the  cornea  complete  with  marked  separa- 
tion  of   the   laminje   into   irregular   spaces.      Edema   as   in   preceding,   but   poly- 


804 


TllK    jcH'KNAr.    ()!•■    I.  AIIOKA'I'ORV    AN'I)    (.M.IMCAI,     M  KDIC I  N"K 


micloar  inrillralion  nnicli  inori'  marked  cxtendinj^'  lliroui^iioiU  the  entire  thick- 
ness of  the  Hds.  Marked  (hstention  of  the  acini  and  atrophy  of  the  cells  of  the 
lacrimal  s^dand.  Ntnnerous  ca])illarv  hemorrhages  by  diapedesis  throughout  the 
subconiuncti\al  tissues  and  the  dermis  of  the  lids.      (See  Fig.  31.) 

Tii'cnty-eiglit  Hours. — As  in  the  preceding,  no  difference. 

Thirty  Hours. — (See  Fig.   15.)      Identical  with  the  preceding  stages. 

Thirty-two  Hours. — Most  marked  changes  in  the  cornea,  particularly  at 
the  vertex.  Surface  roughened,  nohl)}.  laminae  separated.  Changes  in  lids  and 
glands  as  in  preceding. 

Thirty-four  Hours. — The  central  i)ortion  of  the  cornea  shows  complete 
necrosis  hut  at  the  peripher}-  there  is  a  marked  cellular  infiltration  and  prolifera- 
tion of  corneal  cells.  At  the  sclerocorneal  junction  there  is  an  evident  fibro- 
blastic proliferation.  The  edema  of  the  upper  palpebral  conjunctiva  is  less 
marked;  cellular  infiltration  about  as  before,  but  more  cells  of  a  fibroblastic 
type.     The  edema  of  the  lower  lid  is  the  most  marked  yet  seen,  a  large  portion 


Fig.   1?. — Cornea  thirty  hours  after  exposure  to  vapor  of  dichlorethylsulphide.     Complete  necrosis  nf  cmiiea. 

of  the  subconiunctival  connective  tissue  showing  complete  liquefaction  necro- 
sis with  marked  i)olynuclear  infiltration.  (See  Figs.  32,  33.)  The  cutaneous 
border  of  the  lower  lid  shows  a  marked  depilation,  almost  every  hair  having 
been  shed.  The  upper  lid  shows  a  less  marked  depilation.  The  lacrimal  gland 
shows  in  various  areas  a  very  marked  hypertrophy  of  the  cells.  These  are  more 
columnar  with  a  very  deeply  staining  protoplasm.  Other  portions  show  the 
light  vacuolated  cells  as  described  above. 

Thirty-six  Hours. — Changes  as  in  the  preceding,  except  for  the  membrana 
nictitans  which  shows  marked  congestion  of  its  vessels  and  multiple  ca]Mllary 
hemorrhages.    The  ocular  muscles  show  marked  edema. 

Thirty-eight  Hours. — The  most  marked  necrosis  of  the  cornea,  the  com- 
plete necrosis  extending  almost  to  the  sclerocorneal  junction.  Complete  necro- 
sis of  the  endothelial  lining  of  the  anterior  chamber  w  ith  increased  number  of 
leucocytes  in  the  Ruid  of  the  anterior  chamber.  ( )n  the  lids  there  is  beginning 
regeneration  of  the  epidermis  and  hair   follicles,  Init   no  evidences  of  regenera- 
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tion  of  the  conjunctiva.  Almost  coni|ilctc'  ^epilation.  iCdenia  persistent  in  the 
subcDnjunctival  tissues,  and  at  the  palpchral  margins  there  is  a  markerl  collec- 
tion  <it    |iU-~. 

J'orty  Hours.  Necrosis  of  cornea  less  marked  than  in  preceding  individ- 
ual ;  endothelial  linini,^  preser\  ed.  Appearances  indicate  a  somewhat  earlier 
stajife,  prohahly  due  to  less  intense  action. 

foriy-two  Hours. —  (See  h'i^^.  K>. )  .Marke<l  necrosis  of  the  central  i>ortion 
of  the  cornea.  The  membrane  of  Desceniet  and  the  endothelium  oi  the  anterior 
chamber  appearing?  as  a  hyaline  red  line  bordering  the  anterior  chamber.  Pro- 
liferation of  corneal  cells  at  l)order  of  cornea;  fibroblastic  ])roliferation  at 
sclerocorneal  junction,  beginning  separation  of  eschar  on  epidermal  side  of 
lids  and  also  on  the  ct)njuncti\a.  Cutaneous  lesion  much  deeper  and  more  se- 
vere than  the  conjunctival,  although  the  oedema  is  much  more  marked  on  the 
conjuncti\al  side,  as  is  also  the  leucocytic  infiltration. 

forty-four  Hours. — Changes   the   same  as  at   fortv-two  hours  but  of   less 


Fig.    16. — Cornea    forty-two    hours   after   application    of   standard   droplet.      Membrane    of   Descemet   appears 
as    a    bright    hyaline    line    staining    red    with    eosin. 

intensit}".  Probably  due  to  dilution  of  dose  on  the  cornea.  The  skin  surface 
of  the  lids  shows  marked  escharization. 

forty-six  Hours. — Xo  essential  differences. 

forty-eight  Hours. — Corneal  changes  same  as  in  the  preceding.  More 
marked  escharization  of  the  lids  and  conjunctival  surfaces.  Beginning  separa- 
tion of  the  eschar  on  epidermal   })ortion   of   lids.     .Almost  complete  depilation. 

fifty  Hours.— Very  marked  separation  of  corneal  lamella;  and  formation 
of  irregular  spaces.  Partial  separation  of  the  slough  on  the  cutaneous  sur- 
face of  the  eyelids.  Well-marked  regeneration  of  the  hair  follicles.  Old  hairs 
nearly  entirely  shed.  The  menibrana  nictitans  is  markedly  hemorrhagic.  The 
large  sinus  hairs  show  marked  necrosis  of  the  epithelium  of  the  hair  follicle. 
Very  marked  fibroblastic  proliferation  in  upper  lid. 

fifty-four  Hours. — Changes  as  in  preceding,  except  for  more  marked 
escharization  of  the  epidermal  surface  of  lids,  and  more  marked  fibroblastic 
proliferation  of  the  subcutaneous  tissue.  ^larked  congestion  and  numerous 
hemorrhages,  particularly  on  the  epidermal  side  of  the  lids. 
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Sixty  Hours. — Shrinking  and  dniiii,''  of  ihc  conu-a  at  its  vertex.  Fibro- 
I)lastic  proliferation  on  the  dermal  side  of  the  lids  \erA-  marked.  Epithelial 
res^eneration  well  a(l\ance(l.  Reg'innin'j  regeneration  of  conjunctival  ei)itheliuni, 
hut  the  greater  ])art  ot  the  conjunct i\  a  remains  denuded.  The  lower  lid  shows 
many  hemorrhages  throughout  its  substance ;  the  hemorrhages  are  more  marked 
than  in  any  other  case.  The  eschar  on  the  dermal  side  has  completely  sepa- 
rated with  regeneration  of  the  ejndermis  and  hair  follicles.  Verv  few  of  the 
old  hairs  are  left.  Edema  is  still  persistent  on  the  coniuncti\al  side,  but  less 
marked. 

Si.rty-fizr  Hours. — Cornea  shows  regeneration  of  the  corneal  cells  through- 
out its  entire  extent,  but  most  marked  at  the  periphery.  There  is  marked  re- 
generation of  the  endothelium  of  the  anterior  chamljer  with  plasmodial  masses 
of  epithelium  on  the  surface.  Anterior  chamber  contains  large  numbers  of 
leucoc\tes.      Eids   show  marked   edema,   extreme   congestion  and   multiple   hem- 
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Fig.  17. — Cornea  three  and  one-half  days  after  application  of  standard  droplet.  Complete  necrosis 
of  corneal  tissue;  ulceration  of  surface;  beginning  infiltration  with  polynuclear  leucocytes  and  collection 
of  polynuclear   leucocytes   along  the   line  of  the   necrotic   endothelium. 


orrhages.  Eschar  on  epidermal  side  is  very  deep  and  not  completely  sepa- 
rated. Changes  much  more  severe  than  in  the  preceding  instance  with  less 
regeneration  and  repair. 

Sez'cuty-tzvo  Hours. — Edema  of  lids  still  very  marked.  Deep  eschariza- 
tion  on  epidermal  side  with  eschar  separating.  Very  little  regeneration  and 
repair.  In  the  lower  lid  the  edema  is  very  marked,  with  licjuefaction  necrosis 
of  the  subconjunctival  connective  tissues. 

Bighty-four  Hours. —  (See  Figs.  17,  18.)  Complete  necrosis  of  cornea  with 
no  evidence  of  repair  except  at  the  limbus.  Very  marked  congestion  and  nu- 
merous hemorrhages  in  the  lids.  Nearly  complete  dei)ilation  with  regeneration 
of  ei)idermis  and  hair  f(jllicles.  Membrana  nictitans  markedK'  hemorrhagic  and 
shows  some  fibroblastic  i)roliferation. 

Ninety-six  Hours. — Cornea  completely  necrosed  in  the  \ertex.  Prolif- 
eration   of    corneal    cells    toward    the    limbus.      I'ibroblastic    proliferation    near 
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scleroi-nnical  jnmlioii.  \\-v\  deep  cvschari/alion  of  c-|ii(UTiiial  >iflc  of  lids  with 
sc'iiaratioii  of  eschar.  (Sec  Im^'s.  .H,  35.)  Kcj^encralion  of  conjunctival  epi- 
lliclium  ill  \arious  ])ortions  of  liotli  uiiikt  and  lower  lids.  Ivlema  of  lids  much 
kss  inarkcd,  I)Ut  lids  arc-  thickened  \>\    the  marked  hhrohlaslic  proliferation. 

Our  Hundred  'I'm  Hours.  Cornea  com|>letely  necrosed  in  central  por- 
tion. At  linilius  it  shows  polynuclcar  inliltration  and  lihrohlastic  pndiferation. 
Anterior  chamber  contains  numerous  polynuclears,  ])Us.  Iris  and  ciliary  body 
show  cellular  inhltration.  Conjunctixa  shows  areas  of  res^eneration  of  epi- 
ihehum.  Edema  is  lc>>  marked.  The  ,>,dand  of  i  larder  >hows  li(|uefaction 
necrosis,  as  do  al^o  the  tarsal  jj^lands.  Necrosis  (^f  the  epiflermal  side  is  deep, 
hut  the  eschar  ha>  nearly  completely  se])arated  and  there  is  rej:(eneration  of 
the  epithelium  in  some  areas  and  of  the  hair  follicles.     Edema  of  lids  is  much 


Fig. 


-,~-i^Li..i,    .M    .~LH  rucunit-al   juiic;ii)ii,    Uirtfc    ami    one-half    days   alter    a|-iijlicati;)ii    ui    >UiiiM.iiii    droplet. 
Inliltration   of    leucocytes,   beginning  fibroblastic   and   angioblastic   proliferation. 


less  marked  hut  the  lids  are  thickened  by  the  connective  tissue  proliferation. 
The  membrana  nictitans  shows  almost  complete  regeneration  of  its  epithelium. 

Fkr  Days. — There  is  some  re<jeneration  of  the  corneal  epithelium  and 
proliferation  of  corneal  cells  and  infiltration  of  leucocytes  throughout  the  en- 
tire cornea.  The  edema  of  the  bulbar  conjunctiva  is  still  \erv  marked  while 
tliat  of  the  paljjcbral  is  very  much  less.  The  subconjunctival  lymph  follicles 
are  very  hyperplastic.  Large  dilated  lymphatics  show,  however,  in  the  sub- 
conjunctival connectixe  tissue  of  the  lids.  The  escharization  of  the  epidermal 
side  is  very  deep  extending  below  the  hair  follicles,  and  there  is  no  repair. 
In  the  lower  lid  the  edema  fluid  shows  marked  tibrin   formation. 

Six  Days. — Regeneration  of  the  corneal  epithelium  over  the  limbus  and 
extending  in  a  delicate  lavcr  over  the  vertex.     Endothelium  of  anterior  chamber 
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is  reg-oiu'ratin,y\  Marked  rej^cneration  of  the  epilheliuni  of  llie  palpebral  con- 
jiinctixa  with  o\  orforniation  of  e|)itheliuni.  Ivcii'encration  less  marked  on  the 
epidermal  surface.  Lvmph  folliclrs  ]i\  pcrplastic.  The  Inilhar  oonjunctiva  still 
shows  marked   edema  without  much   cellular  infiltration. 

Sci'cii  Days. — (See  Fi^.  I'X)  Marked  re,qeneration  of  the  cornea  with 
great  thickening,  the  cornea  being  more  than  twice  as  thick  as  normal  but  the 
thickness  \ar\ing  in  different  portions.  Marked  inhltration  of  leucocytes  and 
marked  proliferation  of  the  cells  of  the  substantia  propria.  Around  the 
periphery  there  is  a  marked  formation  of  new  blood  vessels  extending  into 
the  limbus  and  reaching  nearly  to  the  vertex.  Marked  regeneration  of  the 
endothelium  of  the  anterior  chamber.  Sections  cut  in  some  ])lanes  of  the  cor- 
nea show  a  failure  of  regeneration  of  the  corneal  ei)ithelium  and  a  very 
marked  inhltration  of  the  anterior  lamelhe.  The  conjuncti\al  epithelium  shows 
marked  regeneration  while  the  eschar  of  the  epidermal  portion  of  the  lids  has 
not  vet   separated.     The   bulbar   conjunctiva   still    shows   marked   edema   of   the 


Fig.  19. — Section  of  corneal  vertex  seven  days  after  application  of  standard  droplet.  Ulcerated 
surface.  Infiltration  of  necrotic  cornea  with  ,)olynncl"ars  and  scattered  fibroblasts.  Beginning  regenera- 
tion  of  endothelium. 

subconjunctival  tissue.     The  lids  are  thickened  by  the  marked  fibroblastic  pro- 
liferation.    There  is  intense  congestion  and  many  capillary  hemorrhages. 

Eleven  and  One-Jialf  Days. — Cornea  thickened  irregularly  from  leucocyte 
infiltration  and  proliferation  of  cells  of  the  substantia  propria.  At  the  periph- 
ery the  escharization  is  quite  marked  extending  onto  the  bulbar  conjunctiva, 
beneath  which  there  is  a  marked  leucocytic  infiltration.  The  conjunctiva  shows 
marked  regeneration  of  its  epithelium,  with  marked  infiltration  of  the  subepi- 
thelial tissue  and  marked  hyperplasia  of  the  lymi)h  nodes.  On  the  epidermal 
surface  there  is  a  very  marked  eschar  formation  which  is  jiartly  adherent  and 
partly  separated.  Beneath  it  there  is  marked  regeneration  of  the  surface  epi- 
thelium and  of  the  hair  follicles.  The  membrana  nictitans  is  markedly  thick- 
ened, its  epithelium  nearly  regenerated,  and  it  shows  a  marked  iiroliferation  of 
new  blood  vessels   with   xcry   hy])ertroi)hic   endothelium. 
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Fig.  20. — Section  of  corneal  vertex  four  weeks  after  application  of  standard  droplet,  showing  the 
inarkcil  irregularities  in  the  corneal  surface;  regeneration  of  corneal  epithelium  and  tn.lnthflium  of  anterior 
chaiuher;    edema   of   the   interstitial   substance   with    sonic    HbroMastir    repair. 


I'ig.     21. 


Icrocorneal    junction    of    same    eye    as    in    preceding    figure,    four    weeks    after    application    of 
standard   droplet,   showing  vascularization   and   repair   proceeding  from   the   sclera. 
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7Vcr/:r  and  One-half  Days. — Changes  identical  with  the  ])rcce(ling.  The 
hyperplasia  of  the  subconjunctival  lymph  nodes  is  very  marked. 

Two  [[VrA'^.— Cornea  very  irregular  in  thickness.  Shows  less  evidence  of 
regeneration  and  repair  ^lian  tlic  preceding.  New  blood  vessels  extending  into 
it  from  the  periphery.  Eyelids  show  marked  regeneration  of  epithelium  both 
on  the  conjunctival  and  on  the  skin  side.  Large  nests  of  cells  proceeding  from 
the  hair  follicles. 

Three  JVecks.- — Regeneration  of  corneal  epithelium  and  endothelium  of 
anterior  chamber.  Marked  proliferation  of  blood  vessels  around  the  periphery 
of  cornea  and  formation  of  scar  tisue  replacing  the  corneal  substantia  propria. 
Great  irregularity  in  thickness  of  cornea.     Eyelids  show  advanced   repair  and 
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Fig. 


-Section    of    corneal    limbus    four    weeks    after   application   of   standard    droplet.      Advancing    repair 
into   the   cornea  from  tlie   sclerocorneal  junction. 


regeneration  of  the  epidermal  surfaces  and  of  the  conjunctival  surface.  Edema 
still  present  on  the  conjunctival  side.  The  regenerating  hair  follicles  and  se- 
taceous glands  form  large  atypical  cell  nests.  The  sinus  hairs  show  fibro- 
tlastic  obliteration  of  the  cavernous  spaces  and  atypical  proliferations  of 
squamous  epithelium   suggesting  newly   formed  sebaceous  glands. 

Four  JJ^eeks. —  (vSee  Figs.  20,  21,  22.)  The  cornea  shows  throughout  re- 
generation of  its  epithelium  and  of  the  endothelium  of  the  anterior  chamber. 
It  is  very  irregularly  thickened  and  has  an  vmeven  surface.  From  the  periphery 
great  numbers  of  newly  formed  vessels  extend  up  toward  the  corneal  vertex, 
on  one  side  reaching  half  way  across  the  cornea.  These  vessels  are  much  more 
numerous  on  the  anterior  side  of  the  cornea  and  many  of  them  are  very  large 
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Fig.  23. — Section  from  the  inferior  portion  of  the  cornea  seven  weeks  after  application  of  the 
standard  droplet.  Persistent  ulcer;  marked  polynuclear  infiltration  of  the  cornea  and  repair.  IJlood. 
vessels   have    reached    the   center    of   tJie   cornea. 


Fig.  24. — Section  from  inferior  portion  of  corneal  limbus,  seven  weeks  after  application  of  stand- 
ard droplet.  Partial  regeneration  of  corneal  epitheiuni.  Marked  polynuclear  infiltration  and  advanced 
vascularization    and    repair    of    the    substantia    propria.      Regeneration    of    the    endothelium    of    the    anterior 

chanihcr. 
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I-'ig.    ^5. — Section    frcmi    the    superior    half   of    the    cc  rueal    vertex    <even    weeks   after    application    of   staniinrd 
droplet,    showing    the    greater    degree    of    cicatrization    iisnnily    found    in    tliis    portion. 
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Fig.   26. — Section   rjf  corned    limlnis   from  same   eye   as   the  preceding   figure,   showing  advanced   ciea 
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and  (lilaU'fl.  On  one  side  near  the  .^^cleral  junelion  lliere  i->  a  larj^c  area  ot 
suhepilhelial  cdcnia  infiltrated  with  leuc(jc)tes  producing,'  an  elevation  on  the 
cornea  as  desciilied  in  ilic  i^moss  notes.  Other  sections  of  the  cornea  show  it 
1(1  ])(.'  heaxily  iiilil'.ratcd  with  \>u--  crlN  hetween  the  newly  fcjrnied  hhjod  vessel^. 
Kcjjj'eiuTation  ot'  coiiiuiuii\  al  ei>ithehuni  i--  coni|)lete  excei)t  near  the  ])ali)el)ral 
niar,<,Mn  wIutc  iIutc  is  still  an  ulcer,  l-'denia  of  the  subjunctival  tissues  is  much 
less  niarkcd  than  in  llie  precedin".^.  I  larder's  and  the  tarsal  j^lands  show  marked 
l\ni])hoid  infiltration.  Lacrimal  j,^land  more  normal  in  appearance.  Hair  fol- 
licles show  new  formation  of  hairs.  The  larj^e  sebaceous  j^dands  at  the  palpebral 
mar-^in  arc  liypcri>la--tic  and  llu'  l\niph  nodes  of  the  conjunctiva  are  also  h_\per- 
])la>tic. 

Seven  Jl'i'cks. —  (  v^ee  I'ii^s.  23,  2-t-,  25,  26.)  'i'he  cornea  is  markedly  but 
\ery  irrcgularl}'  thickened  throughout,  hea\il\-  infiltrated  with  leucocytes  anrl 
sliows  throughout  its  extent  a  marked  new  formation  of  blood  vessels.  Substan- 
tia projiria  is  largely  replaced  by  fibrous  connecti\  e  tissue.  The  membrane  of  Des- 
cemet  shows  as  a  clear  hyaline  line  and  the  endothelium  of  the  anterior  chamber  is 
regenerated  in  a  flat  la\er  o\er  this.  The  regeneration  of  the  e])idermal  surface 
of  the  lids  is  complete;  the  sebaceous  glands  are  ai)proaching  normal  size.  The 
edema  has  almost  entirely  disapjieared  except  over  the  bulbar  conjunctiva. 
Lacrimal  gland  is  still  h\])ertroi)hic.  Lymphcjid  tissue  in  Llarder's  gland  is 
hyperplastic,  as  are  also  the  subconjunctival  lymph  nodes.  The  lids  and  nic- 
titating membrane  are  thickened  from  the  new   formation  of  connective  tissue. 

'I'm-:  Doc,. — A  smaller  series  was  also  carried  out  ui)on  dogs.  The  changes 
are  e>sentiall\'  the  same  in  kind,  although  a])parently  of  greater  intensitv.  A 
marked  hemorrhagic  condition  of  the  conjuncti\a  was  noted  in  the  earlier 
stages. 

KXPOsuRi-:  To  Diciir.oKirnivi.suLriiiDF:  vapor 

TiiK  Rabbit. — Series  of  animals  exposed  for  varying  periods  to  varying 
concentrations  of  mustard  gas  vapor  (1:20,000-1:50,000)  and  killed  at  mter- 
vals  of  twelve  hours  to  four  days  after  exposure  in  the  gassing  chamber  showed 
precisely  the  same  changes  in  kind  as  the  animals  treated  with  the  standard 
dro])let  of  the  lic|uid.  It  was  found  that  a  fifteen  minute  exposure  to  a  1 :20.000 
concentration  |)roduced  changes  identical  in  degree  with  those  produced  by 
the  standardized  dro])  of  liquid.  It  is  noteworth}'  in  tliese  experiments  with  the 
weaker  concentrations  of  the  gas  that  the  cornea  first  showed  evidences  of  ne- 
crosis and  then  the  skin  surface  of  the  lids,  while  the  conjunctival  epithelium 
did  not  undergo  necrosis,  and  the  conjunctiva  itself  presented  only  the  ]iicture 
of  a  mild  conjuncti\  itis  wiili  an  unusual  degree  of  edema,  particularly  of  the 
bulbar  conjunctiva  in  the  earlier  stages,  and  of  the  palpebral  in  the  later.  The 
epidermal  changes  were  in  all  cases  much  more  severe  than  the  conjunctival, 
marked  necrosis  of  the  former  occurring  when  no  necrosis  of  the  conjunctiva! 
epithelium  was  observed.  The  cc^-neal  necrosis  was  always  most  severe  at  the 
corneal  vertex.  In  all  cases  exjiosed  to  the  gas  the  lesions  are  most  intense  in 
the  iH)rtion  of  the  conjunctixa  and  cornea  exjwsed  in  the  jialpebral  fissure,  and 
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l""ig.     -T.  —  liiilbai"    conjunctiva    tur    Ihhh^    aUtrr    aiii>licati>ni    of    ^tan^lard    drupk-t.       I'yknosis    of    conjvincti 
epithelium  and  marked  edema  of  the  subepithelial  connective   tissue. 
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Fig.    28. — Section   of   palpebral   conjunctiva    five    hours    after   application    of    standard    droplet.      Pyknosis 
conjunctival    epithelium.      Edema   of   subconjunctival   connective   tissue.      Poly  nuclear   infiltration. 
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Fig.    29. — Section    of    palpebral    conjunctiva    eight    hours    after    application    of    standard    droplet.      Complete 
necrosis  of  epithelium.      Marked  congestion.      Minute   hemorrhages.      Polynuclear  infiltration. 
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Fig.    31. — Palijcbral   conjunctiva    twenty-si.x    hours   after   application    of   standard    droplet    showing   advancing 
necrosis,    more   marked    infiltration,    congestion,    minute    hemorrhages,    and    edema. 


Fig.  32. —  I'alpelnal  lonjuncliNa  ihirty-fuur  hours  after  a]ii)Hcati()n  of  standard  rlnipUt.  Section 
fornix  of  ujiper  lid  sliowing  the  complete  loss  of  tlie  necrotir  sin-face,  extreme  ed<iiia  and  pol>-nucle;ir 
iltration. 
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Fig.    3.?. — Section    from   the   same   region   as   in   the   jireceding.   but   taken    deeper   down,   showing   the    extreme 
edema   and   liquefaction    necrosis,   lielow   the    narrow   band    of    ilie    sphincter   orbicularis. 


ig-    >'■*■ — Section   of   upi)er   lid   at   palpebral   margin    four  days   after   direct   application   of  standard    droplet. 

Advanced   ulceration,   beginning   repair. 
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the  lesions  therefore  are  much  li'ss  (hituse  tlian  wlien  (hreet  apjilication  is  used, 
thus  resenihhni;"  more  nearly  the  human  cases. 

DIRECT    APPLICATIOX    OF    MUSTARD    GAS    LIQUID    TO    Tlllv    KYKS    01-     DEAD    ANIMALS, 
TIIK    KYlvS    SO    TRKATKD    BlClN'G    EXAMINKD    AT    INTKRVALS 

Microscopic  examination  of  eyes,  to  which  dichlorethylsulphide  had  been 
applied  postmortem,  shows  no  changes  attributable  to  the  action  of  the  mustard 
gas  liquid. 


^  ■ 


Fig.   00.  — .^cLii.Mi   ,,1    ,„,iuc   liij   near   li.niix.      Regeneration   of   the   corijunctivai    ei'illielitini.      Disappearance   of 
the   edema   and  advancing  cicatrization   of  tlie    subconjunctival   tissues. 

EYES    OF    ANIMALS    RECEIVING    SUBCUTANEOUS    AND    INTRAVENOUS 
INJECTIONS    OF    DICHLORETHYLSULPHIDE 

Animals  so  treated  died  w^ithin  five  hours  after  the  intravenous  injection 
of  one  minim  and  uniformly,  in  four  to  five  days  after  the  subcutaneous  injec- 
tion of  one  minim.  Microscopic  examination  of  the  eyes  of  these  animals 
shows  no  evidence  of  conjunctivitis  or  other  lesions. 


EYES    SHOWING    SECONDARY    INFECTION 


Four  cases  .showing  panophthalmitis,  three  at  five  weeks  and  one  at  six 
weeks,  show  microscopically  a  diffuse  suppurative  process  involving  all  the 
structures  of  the  eye  and  of  the  orbit.  The  suppurative  process  begins  first 
m  the  cornea,  and  in  the  earlier  stages  may  show  as  small  pinpoint  abscesses 
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in  the  sul)>taiuia  ]ir()|>iia,  each  Minoun<liiij^'  a  colony  of  cocci.  The  process 
cxtc-nds  tlir()U},'h  the  anterior  chaniher  toward  the  I)0^terior  portion  of  the  eye- 
ball until  ultimately  all  is  iuNolved.  vSimilar  chanj^'es  are  observed  in  a  dog 
three  weeks  after  e.\j)osure,  the  earlier  infection  in  this  case  resulting  from 
the  lack  of  care  and  the  lessened  resistance  of  this  esj)ecial  animal. 

CllA.\C.i;S    IX    (^KHITAI.    TISSUES 

In  the  uninfected  cases  these  consist  of  congestion  and  edema,  and  a 
mild  diffuse  inHammation,  involving  particularly  the  f>cular  muscles.  In  the 
infected  cases  there  is  a  diffuse  suppurative  pnjcess. 

S  Kill  mar  y  of  the  Microscopic  Pothology 

1.  The  microscopic  changes  produced  by  the  direct  application  of  the 
standard  droplet  of  the  licjuid  and  by  exposure  for  fifteen  minutes  to  a  vapor 
concentration  of  1  :20,000  are  identical. 

2.  Changes  in  the  Cornea. — The  earliest  changes  noted  are  in  the  cornea, 
consisting  of  pyknosis  and  contraction  of  the  epithelium  and  of  the  substantia 
propria,  most  marked  at  the  corneal  vertex  and  extending  to  Descemet's  mem- 
brane. This  is  followed  by  a  loss  of  nuclei  until  by  the  twelfth  hour  the  cor- 
neal vertex  shows  complete  necrosis,  the  necrosis  often  extending  through  the 
limbus  nearly  to  the  scleral  junction.  Desquamation  of  the  dead  corneal  epi- 
thelium begins  in  about  five  hours.  Polynuclear  infiltration  of  the  sclerocorneal 
junction  begins  in  five  to  six  hours.  Fibroblastic  proliferation  was  first  noted 
at  thirty-four  hours  at  the  sclerocorneal  junction.  Earliest  signs  of  regeneration 
of  the  corneal  substantia  ]M"opria  were  noted  at  the  periphery  at  sixty-five 
hours.  Xew  formation  of  blood  vessels  into  the  limbus  was  well  marked  as 
early  as  seven  days.  Slow  repair  of  cornea  continues  for  several  weeks  with 
development  of  a  highly  vascularized  corneal  cicatrix.  Marked  changes  in  the 
corneal  thickness  occur  as  the  result  of  separation  of  the  lamellae,  edema,  cel- 
lular infiltration  and  fibroblastic  proliferation.  The  severity  of  the  corneal  le- 
sion is  in  direct  proportion  to  the  concentration  of  the  gas  and  the  period  of 
exposure. 

3.  CJtanges  in  the  Conjunctiva. — Necrosis  and  descjuamation  of  a  large  part 
of  the  conjunctival  epithelium  results,  but  it  is  noteworthy  that  this  necrosis 
is  much  less  in  degree  than  that  of  the  cornea  or  of  the  skin  surfaces  of  the 
eyelids.  The  primary  necrosis  rarely  extends  beneath  the  basement  membrane 
of  the  palpebral  and  bulbar  conjunctiva,  except  at  the  palpebral  margin  where 
collections  of  a  serofibrinopurulent  exudate  take  place.  Here  shallow  ulcers 
are  produced.  The  most  striking  feature  of  the  conjunctival  involvement  is 
the  extreme  edema  of  the  subconjunctival  connective  tissues  which  is  usually 
most  marked  in  the  bulbar  conjunctiva  near  the  scleral  sulcus  and  in  the  pal- 
pebral conjunctiva  of  the  upper  lid.  This  is  so  extreme  that  liquefaction  ne- 
crosis in  this  tissue,  with  marked  leucocyte  infiltration,  usuallv  folhnvs.  Petech- 
ial hemorrhages  are  of  frequent  occurrence  in  the  subconiunctival  connec- 
tive  tissue.      Regeneration   of   the   conjunctival    epithelium   occurs    readilv   and 
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lioaliiiii'  lakes  place  with  a   ])einiaiu'nl   tliickenin.i;-  of  the  coiiiumiix  a   <lue   to  tlie 
formation  of  f'lhrohlaslic   tissue. 

4.  Sinichircs  of  li\chaU.-  (See  l'"iii:s.  4(),  47.)  Iritis  and  iridDcyclitis  witli 
exudation  into  tlie  anterior  elianiher,  occur  without  infection  in  the  severest 
forms  of  oassing-;  and  are  connnon  occm-rences  at  al)out  tlie  third  to  sixth  week 
in  the  uncared-for  cases  as  the  resuh  of  seconckiry  infection  e\en  when  tlie 
i^-assinti'  was  Hj^ht.  !n  tlie  cared- for  cases  of  averas^c  exposure,  no  chani^es  were 
ohserved  in  iris,  ciHar\  hody,  chorioid,  retina  and  ojitic  ner\e,  exceitt  con,f,'estion 
and  edema. 

5.  A'icfitatiin/  .l/r//;/'r(///c.-' Changes  ohserved  in  rahl)its  are  necrosis  of 
tlie  epithelium,  extreme  edema,  multi])le  hemorrhaties.  congestion,  and  eventu- 
allv  more  or  less  marked  thickening  from  connective  tissue  proliferation. 

6.  Lacr'uual  Gland. — Increased  functional  activity  was  noted  at  all  times ; 
ultimatelv,  overuse  atro])hy  and  suhseipient  hy])ertro])hy.  Increased  alhumin 
content  was  ohserved   in   the  secretion. 

7.  Harder' s  (7/a;/(/.---l'arenchymalous  degeneration  and  inflammatory  infil- 
tration occurred. 

8.  Tarsal  Glands. — Evidences  of  penetration  into  the  tarsal  glands  were 
shcnvn  l)v  degeneration  and  necrosis  of  certain  of  the  acini.  Leucocyte  infiltra- 
tion occurred  ahout  and  into  these  glands. 

9.  Skin  Surface  of  Byelids.  -The  same  changes  were  observed  in  the  cuta- 
neous surface  of  the  eyelids  as  were  described  in  our  paper  on  cutaneous  le- 
sions. The  important  influence  of  the  sebaceous  glands  and  hair  follicles  in 
permitting  the  entrance  of  the  gas  into  the  dee]icr  tissues  of  the  dermis  is 
strikingly  shown  here,  the  penetration  into  and  resulting  escharization  of  the 
skin  being  greater  than  in  the  case  of  the  cornea  or  the  conjunctiva. 

10.  1'he  relatively  slight  ])enetration  into  the  subconjunctival  tissues  may 
be  explained  as  the  result  of  the  iirotection  afforded  by  the  moistness  of  the 
surface  and  lacrimation. 

11.  Orbital  Tissues. — In  the  cared-for  cases  congestion,  edema  and  a  mild 
diffuse  cellular  infiltration,  particularly  in  the  orbital  muscles  \vas  noted ;  in 
infected  cases  a  diffuse  suppurative  cellulitis  occurs. 

III.  CLINICAL  CASES 

(For  the  opportunity  of  examining  the  clinical  cases,  and  for  their  his- 
tories, we  are  indebted  to  Capt.  L.  L.  Roos.) 

Cask  I. —  (See  Fig.  3().)  Exposed  to  strong  concentration  of  mustard 
gas  vapor  for  10  to  12  minutes.     Patient  w^ore  a  gas  mask. 

The  eyes  began  to  burn  and  be  painful,  lacrimated  freely,  and  were  red 
and  inflamed  two  hours  after  ex])osure.  Three  to  four  hours  after  exposure 
he  began  to  feel  as  though  there  were  granules  beneath  the  eyelid.  He  could 
not  keep  his  eyes  closed  because  there  was  nuich  more  ])ain  when  the  lid  bor- 
ders were  a])proxiniated.  He  was  very  sleepy,  because  of  nuich  loss  of  rest  due 
to  night  work,  and  his  eyelids  felt  heavy. 

He  went  to  bed.     P)oric  acid   compresses    (cold)    were  a]i]»lied.      American 
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oil  was  iiisiillcd  miuc  ;  it  did  im  -ond,  Tlic  cdiii] ifcsscs  were  U>  l)c  C()nliiniou>, 
llir\  ri'lii'\c(|  ilic  pain,  Iml  lie  ciuild  lii^ai'  tliciii  only  about  one-half  hour  at  a 
lime,  tln(»n.i;li  the  ni^lil,  I'oi  liner  to  I'oni-  days  arj,'\rol  was  instilled  once  in 
24  lioui-s  .-iftcT  c'\|>o>nrc,  and  diil  \ri\  lilllc  ^axxl.  Tlic  ]ial|icl.ral  conjunctisn 
a|i|icarcd    "hlisU'iX'd"    llic   nnnninL;   alU-r    die   exposure. 

Tlu'  irritation  continued  lor  three  lo  four  day-  hul  j,M-adually  de-creased  in 
sc\i'rit\'.  The  loniicsiion  decreased  Iml  was  still  marked.  In  fad  it  was  pres- 
ent   and   (|nile   dislincl    thirt\   one   days   alter  exposure. 

The  patient  complained  of  "niist\"  Mnrrim;  of  \  ision  which  was  marked  at 
first  and  has  decreast'd  also,  Iml  was  still  ]iresent  three  weeks  after  exiujsure. 
Tlu'  hrit^dit   sunlight    hurt    his  eyes,   ihe   lids    fell    hea\_\'. 

Tliere  was  no  interference  with  accommodation  so  far  as  tlie  patient  knew, 
lie  was  altle  to  read  alxmt  the  lenlh  da\ ,  hut   could  only  read  a  l>afi;e  at  a  time. 

Uxaniiiialioii. — Couiiested  (hlaled  \essels  on  the  hulhar  conjunctiva  from 
the  border  of  cornea,  o\c'r  the  limhus,  to  the  inner  and  outer  canthus  in  each 
c\"e.  The  coui^estion  and  thickening-  of  the  Imlhar  conjunctixa  showed  in  the 
pal])el)r.-d  a])erlure  which  is  really  ex])osed  hulhar  coniuncti\a  when  the  lids 
are  in  their  normal  position,  open.  The  ]talpe];ral  coniunctixa.  es])ecially  -vipe- 
riorlv,    shows   slis^iit    ihickeninji;-. 

Casi',  ][.  -(I'ii;.  37.1  Ex])()sed  ten  to  iwehe  minutes  to  a  strong  C(»ncen- 
tration  of  mustard  t^as  \a]>or.     He  wore  at  the  time  a  gas  mask. 

Sulphur  dichloride  and  suljihur  monochloride  ha\e  always  irritated  his  eyes. 
He  first  noted  irritation  under  the  arms  about  four  hours  after  exposure,  and  just 
one  hour  later,  that  is.  five  hours  after  exposure,  there  was  a  stinging  irrita- 
tion "just  like  salt"  in  the  eyes.  ()ne  drop  of  "Silvol"  solution  was  put  in  each 
eve.  This  increased  the  ])ain.  The  e}es  lacrimated  i)rofusely,  and  the  eye-balls 
were  red,  and  the  vessels  congested.  Boric  acid  compresses  fcold)  were  ap- 
])lied  at  intervals  all  night.  At  3  a.m.  he  found  that  he  could  only  open  his  eyes 
to  a  .slight  extent,  the  a])erture  was  only  about  ^  ■_.  inch  at  the  greatest.  The  lids 
were  edematous  and  this  ])re\ented  the  ojjening  of  the  eyes.  The  morning 
after  the  ex])()sure  the  e\  es  were  completely  closed  and  the  lashes  were  "glued 
together"  h\  the  thick  purulent  exudate.  He  could  not  ojjen  the  eyes  wide 
enough  to  see  anything.  At  the  hrst-aid  room  argxrol  and  sterile  American  oil 
were  put  into  the  eyes  and  he  was  \n\t  to  bed  and  cold  or  iced  boric  compresses 
were  put  on  continuousK'  for  5  days.  Argyrol  wris  instilled  3>^-2  days  after  ex- 
])osure  for  about  30  minutes  and  everything  l)oth  near  and  far  was  found  to 
be  blurred.  The  conjimctiva  was  congested.  1m )r  more  than  10  days  the  eyes 
lacrimated  ]M-ofusely.  especiall\'  the  left  eye.  ( )n  the  fifth  day  his  vision  was 
clearer  but  \  erv  much  im])<iired.  He  could  not  see  endings  of  words  or  letters 
at  all  on  a  printed  ]»age.  He  could  not  read  ordinary  print  for  ten  days  and  then 
he  could  oidv  read  the  print  for  10  minutes  at  a  time  until  the  eyes  ached, 
and  things  became  blurred. 

It  was  not  until  the  eighteenth  day  that  he  could  read  for  an  hour  at  a 
time.  His  vision  for  distance  has  gradually  improved  but  is  still  somewhat 
blurred.     At  the  end  of  the  third  week  near  vision  is  such  that  he  can  as  vet 
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not  read  much  more  than  one  and  a  half  hours  at  a  time  and  then  he  must  rest 
two  to  three  hours. 

ExaJiiiiialion. — 'I'hiekenino-  of  the  conjunctiva  in  the  pal])el)ral  fissure  is 
especially  marked  in  the  triani;ies  with  apex  at  the  imier  canthus  and  base 
at  the  inner  limbus.  The  thickened  conjunctiva  is  yellowish.  The  vessels  are 
slightly  congested.  The  j)alpebral  conjunctiva  is  not  very  much  changed,  pos- 
sibly slightly  thickened. 

Case;  III. — Exposure  of  40  minutes  in  4  shifts  to  strong  concentration  of 
mustard  gas  vapor  while  wearing  a  gas  mask. 

The  eyes  had  been  congested  for  two  days  because  of  exposure  to  hydro- 
chloric acid  gas.  On  entering  the  infirmary  at  6  p.m.  he  had  no  eye  symptoms 
but  because  of  the  congestion  the  eyes  were  irrigated  with  sodium  bicarbonate 
solution  or  boric  acid.  He  was  very  nauseated  and  sick,  and  vomited,  and 
retched  very  much.  At  the  same  time  he  complained  of  severe  sharp  pains  in 
the  eyes. 

Boric  acid  comin-esses  were  a])plie(l  contimiously  for  three  days  and  the 
■eves  were  washed  with  the  boric  acid  about  every  fifteen  minutes  for  the  en- 
tire first  night.  The  eyes  were  very  painful,  burned  and  felt  as  though  an  electric 
current  was  passing  across  and  through  the  anterior  part  of  the  eye.  The  eyes 
were  swollen  and  a  purulent  exudate  glued  the  eyelashes  down.  On  the  third 
day  while  his  eyes  were  being  opened  and  argyrol  instilled  he  had  a  flash  of 
vision  for  a  second,  just  long  enough  to  see  his  nurse.  On  the  fourth  day  he 
recognized  individuals.  He  had  been  able  to  open  his  eyes  about  the  fourth 
night,  but  he  could  only  see  a  dull  light.  On  the  fifth  day  he  opened  his  eyes 
slightly  and  everything  was  blurred,  near  and  distant ;  vision  was  likewise 
impaired. 

He  was  not  able  to  read  for  about  fourteen  days,  and  then  only  for  about 
five  minutes  at  a  time,  gradually  becoming  able  to  read  more  and  more,  but  at 
present  he  can  read  only  about  one  to  two  hours  at  a  time.  When  in  the  sun- 
light, however,  there  is  a  feeling  of  "wideness"  (of  the  palpebral  opening),  some 
blur,  and  some  discomfort,  and  slight  photophobia. 

Examination. — In  the  morning  there  is  slight  purulent  exudation  which 
glues  the  eyelashes  together ;  there  is  a  small  drop  of  purulent  exudate  in  the 
inner  canthus.  There  is  a  slight  blepharitis  marginalis.  The  ocular  conjunc- 
tivae show  the  thickened,  slightly  yellowish,  elevated  areas,  pingueculse,  on  either 
side  of  the  cornese.     The  vessels  are  large,  slightly  dilated  and  congested. 

The  palpebral  conjunctiva  shows  nothing  of  any  great  interest. 

Case  IV. —  (See  Fig.  38.)  Exposure  of  30  minutes  to  strong  concentra- 
tion of  the  vapor  of  dichlorethylsulphide  while  wearing  the  gas  mask. 

He  was  first  exposed  at  about  3  :30  p.m.  and  noticed  his  first  symptoms  at 
about  5  P.M.  There  was  irritation,  burning  and  lacrimation  of  the  eyes  and  a 
"faint  feeling"  in  the  pit  of  the  stomach.  Then  on  leaving  the  infirmary  and 
getting  into  "the  air"  the  eyes  felt  better  and  he  was  not  troubled  until  he  re- 
turned to  the  infirmary.  Here  after  taking  the  routine  "shower,  kerosene  rub 
and  shower,"  treatment  and  retiring,  his  eyes  felt  very  painful   with  the  sensa- 


OCUI.AK    I.KsIOXS    I'K()I)I(  i;i)    i;V       MIMM.Ii    (,,\h 


823 


FiR.   36.--ConKcsti(in   of   tin-   iimjiiiutival    v-.s^tls   |  c-rsislinjf  to   a  marked   degree,   four   weeks  after  exposure 

to  dichlorell;ylsul|)liide  vapor. 


Fig.  37. — Persistent  congestion  four  weeks  after  exposure  to  dichlorethylsulphide  vapor.  Acute 
symptoms  were  very  severe  and  the  jjatient  still  complained  of  dimness  of  vision  when  he  left  the 
hospital    after    five    weeks. 


Fig.  38. — Ma'-ked  conjunctival  congestion  and  hordeolum  of  left  upper  lid  in  a  case  of  severe 
mustard  gas  conjunctivitis.  Four  weeks  after  exposure.  The  hordeolum  is  a  part  of  the  general 
staiihylococcus  furunculosis  which   may  characterize  the  later  stages  of  the  severe  skin  burns. 


Fig.  39. — Dichlorethylsulphide  conjunctivitis  four  weeks  after  exposure  to  vapor.  In  the  acute  stage 
there  were  extreme  photopholiia,  lacrimation,  i>ain,  edema  and  purulent  exudation.  The  residual  con- 
gestion  and  seropurulent  exudation  are  still  evident. 
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lion  (if  line  sand  uiidrv  ihe  lids  and  there  was  pi-ofnsc  lacrimation.  A  thick 
scTons   exndati'   made   the   eyelashes   mat    t(),L;etluT   and   seal    the   eye. 

His  vision  was  hlnrred,  |)rohal)ly  dne  to  the  increased  lacrimatory  secre- 
tion. The  eves  were  red  and  conj^ested,  according-  to  liis  roommate.  His  eyes 
were  irrigated  with  horic  acid;  American  oil  was  instilled  and  cold  boric  acid 
comjiresses  were  ai)i)lied  continnously  for  five  days.  Argyrol  was  used  from 
the  second  da_\-  until  about  the  fifth  day. 

The  eyes  could  not  l)e  opened,  l)ecause  the  lids  were  swollen,  edematous, 
and  glued  together  at  the  luargins  1)_\-  the  matted  lashes. 

After  the  third  da\'  he  was  able  to  hold  the  eyes  open  for  a  few  minutes  at 
long  intervals,  but  it  was  not  until  the  t'iflli  (la_\-  that  he  could  dis[)ense  with  the 
comi)resses.  His  \ision  had  always  been  \er\-  blurred,  InU  cleared  fairl}-  well 
on  the  fifth  daw  There  was  some  yellowish  exudation  with  considerable  serous 
exudation.  The  eyes  were  washed  freciuently  during  the  day  witli  boric  acid 
solution. 

A  liordeolum  formed  on  the  u])per  eyelid  near  the  inner  canthus,  on  about 
the  fourteenth  day. 

The  patient  did  not  attempt  to  read  for  two  weeks  and  when  he  did  begin 
he  noticed  no  trouble,  except  that  the  eyes  ached  after  he  bad  read  a  quarter  to 
half  an  hour.     He  could  not  read  magazines  until  about  the  tenth  day. 

HxamUiatioii. — The  bulbar  conjunctixa  shows  the  same  features  as  in  the 
other  cases  but  to  a  more  marked  degree  ;  there  is  a  thickening  and  a  }'ellow- 
ish  change,  with  marked  congestion  of  the  vessels  of  the  part  of  the  conjunctiva 
that  is  exposed  in  the  i:»alpebral  fissures,  on  either  side  of  the  corneae.  At  the 
limbic  border  a  number  of  straight,  small,  deep  vessels  were  seen  to  be  injected 
and  suggested  a  deeper  penetration  and  a  sclerociliary  injection.  The  conjunctiva 
from  the  inner  hmbus  to  the  inner  canthus  is  more  markedly  involved. 

Case  V. —  (See  Fig.  39. j  Ex})osed  thirt}-  to  forty-five  minutes  in  several 
shifts  to  strong  concentration  of  dichlorethylsulphide  vapor,  while  wearing  gas 
mask. 

Began  on  the  evening  shift  at  4  p.m.  and  first  exposed  himself  at  this  time. 
He  noticed  no  eye  symptoms  until  about  10  p.m.  when  there  was  burning,  a  feel- 
ing as  though  granules  were  under  the  lids,  and  a  fairly  profuse  lacrimation. 
Cold  boric  acid  compresses,  boric  acid  eye  washes,  etc.,  were  employed  during 
tlie  night  and  for  several  days.  The  routine  treatment,  as  given,  together  with 
argyrol  instillations  was  employed.  According  to  the  physician  in  charge,  the 
patient  was  in  severe  shock. 

There  was  some  pain,  blurred  vision  for  near  and  distant  objects,  and  a 
])rofuse  lacrimation.  At  first  the  lacrimation  was  serous  in  type,  but  soon  it 
became  yellowish,  thicker,  and  almost  purulent.  The  lids  were  tightlv  sealed 
and  somewhat  edematous. 

The  symptoms  continued  to  be  fairly  severe  and  the  treatment  was  kept 
up  for  about  a  week.  It  was  not  until  this  time  that  the  vision  w^as  at  all  clear. 
Tlie  lacrimation  has  continued. 
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Tlic  |.;iiiciit  li;i>  iKit  .lUciiiplril  i<.  read  as  yet  lliouj^li  lie  ha-,  had  no  trouble 
willi   lii>   \isi(iii    i'(ii-  aliDiil   iwcKc  to   t'onrtccii  (la_\>. 

li.viiiniinilhin.  Sli,L;lill\  i()iil;c^1c(1  area-  in  llir  |.al|icl)ral  aperture  on  each 
.siile  of  ihe  CMnir.e.  Thi-  ton  juni't  i  \  a  shows  shi^ht  thickeniii!^  in  the  same  ex- 
posed aixas.  The  (hsehai",!4e  t'idin  the  colh-etion  ot'  llie  pus  is  found  hotli  in  the 
inner  and  in  the  outer  i-anlhi.  Tlie  palpebral  eon junetiva  shows  nothinj^  of 
.siyni  Ilea  nee. 

Cask  \  1.  I  .^et'  h'i.L;.  40.)  Iv\i)o-(.' 1  45  niinulL'S  in  several  ;hi.'t.-  tf)  s;r,;nj^ 
concenlialion  nf  iini>la!-d  ,i;as  \apor,  while  wearing'  ^^as  mask. 

The  iiTilatioii  of  the  i-_\  es  lie^an  al  about  ''  i'..\i.,  some  live  hours  after  cx- 
jKisure.  44iere  was  se\ere  burning;  and  a  feelin},^  of  sand  and  <(lass  scratching 
in  the  e}es. 

There  was  profuse  lacrimation  and  con^u-stion.  'ilie  next  morninjf  after 
the  ex]iosvu-e  tin-  exudate  from  the  eyes  was  seen  to  be  more  or  less  purulent 
and   i^lued   the   e\clashes   toi^'ether,  and   held   the   eyes   closed. 

After  the  ]iarts  had  been  treated  with  cold  boric  acid  compresses  during 
the  whole  tirst  ni^ht  as  had  been  done  in  all  the  cases  it  was  necessary  to 
"flush"  the  e\es  with  the  solution  in  order  to  dissolve  and  loosen  the  plastic 
purulent  exudate.  W  hen  (jpened  the  eyes  were  found  to  be  much  congested 
and  small  blel)s  were  seen  especially  on  the  lower  i)al[)ebral  conjunctiva.  Ar- 
o;-\rol  was  instilled  as  in  the  other  cases  and  continuous  compresses  were  ap- 
]>lied  for  h\e  da}s.  The  eyes  were  opened  for  slu)rt  spaces  of  time  on  the  fourth 
and  hfth  days  and  a  blurring  and  dimness  of  \ision  was  noted.  The  patient 
has  not  attempted  to  read  as  yet  because  of  his  severe  general  condition,  but 
he  has  notice<l  no  s\'mptoms  on  the  part  of  his  eyes  since  the  end  of  the  hrst 
week  of  his  trouble. 

Bxainiiiatioii. — v^hows  the  same  condition  that  has  been  found  in  the  other 
cases.  The  acute  congestion  has  decreased  and  the  signs  remaining  are  those 
of  a  somewhat  chronic  irritative  process.  There  is  the  slight  thickening  in 
the  exposed  part  of  the  bulbar  conjunctiva  in   the  palpebral  fissure. 

Casic  \'II. — Ex])osed  directly  to  strong  xapor. 

The  \apor  irritated  the  eyes  se\erel\'  and  caused  pain  and  lacrimation  for 
ten  to  fifteen  minutes.  There  were  no  blebs  but  there  was  some  congestion. 
After  this  there  was  no  more  i)ain  and  the  jiatient  continued  to  work  where  there 
is  practically  alwa_\s  some  vapor. 

The  [)atient's  e}es  were  ncjt  [lainful  but  became  more  and  more  cmigested. 

E.vaniiiiatioii. — The  whole  conjunctiva  was  inflamed,  congested  and  slightly 
edematous,  the  lacrimation  was  increased  in  amount.  The  vision  was  appar- 
entl}'  not  involved.  The  bulbar  conjuncti\a  was  more  markedl}-  congested  and 
afifected  than  was  the  palpebral.  I'nder  the  boric-acid-continuous-compress 
treatment,  there  was  a  decided  impro\ement.  the  congestion  was  fairly  well 
relie\ed  in  about   four  days.      (Picture  taken  on  fifth  day.) 

On  fifth  day  the  area  which  is  most  marketlly  injected  is  in  the  bulbar  con- 
junctiva of  the  palpebral  hssure.  Some  of  the  scleral  vessels  in  this  region  are 
injected.     The  small  subcutaneous   fatty  area    ( pinguecula)    is  present. 
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Cask  VTTI. —  (Sec  Fisj^.  41.)  Exposed  to  fumes  of  ethyl  aleohol,  clln-lene 
and  some  dichloreth}isul[)hide. 

The  eyes  showed  clironic  irritation,  tliickenini^-  of  the  bulbar  conjunctiva 
in  the  palpebral  aperture,  and  some  yellowish  discoloratic^n  and  areas  that  ap- 
peared to  be  fatty  deposits. 


Fig.  40. — DLchIoretliylsul|ihiilt_-  conjuiictiviti.s  four  weeks  after  exposure  to  vapor.  The  severity 
of  the  original  process  is  indicated  by  the  severe  skin  changes.  The  persistent  congestion  is  the  sole 
evidence  of  the  severe  conjunctivitis  that  vv'as  present. 


Fig.  41. — Repeated  exposures  to  a  low  concentration  of  mustard  gas  vapor.  Persistent  con- 
gestion. Pigmentation  of  the  sclera  in  the  palpebral  fissure.  Yellowish  pigmented  elevation  of  the  con- 
junctiva near  inner  segment   of  limbus   of  the   nature  of  a  Pinguecula. 


Fig.  42. — Conjunctival  congestion  anil  pigmentation  of  the  sclera  limited  to  the  exposed  area  in- 
the  palpebral  fissure  of  a  patient  subjected  to  low  concentrations  of  mustard  gas  vapor  over  a  relatively 
long   period.      Gave   no    history    of   a    severe    acute   process. 


The  patient  complains  of  impaired  vision.  He  has  had  one  severe  arm 
burn  but  there  were  no  eye  symptoms  at  that  time. 

At  present  he  complains  of  lacrimation  and  blurring  of  vision. 

Case  IX. —  (See  Fig.  42.)  There  has  been  a  slight  irritation  and  itching 
and  some  congestion  of  the  conjunctiva  for  about  two  weeks.  y\t  first  the 
symptoms  were  very  mild  and  noticeable  only  after  exposure  to  dichlorethyl- 
sulphide.     The  symptoms   were   exaggerated   and   prolonged   if   the   patient   sat 
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through  a  movinj,'  ])ictuR'  show.     P>rif,'ht  sunHght  also  increased  the  symptoms. 

The  coiKhtioiis  have  been  more  or  less  cumulative  and  the  symptoms  have 
gradually  increased.  I  )uring  llu-  i)a>l  week,  he  has  had  lacrimation,  congestion 
of  the  hulliar  coiijuiKliva  in  the  palpebral  fissure  and  difficulty  in  accommoda- 
tion in  the  right  eye  with  more  or  less  blurring  of  vision. 

There  is  also  some  sticky  seropurulent  exudate,  and  in  the  morning  the 
eyelids  and  lashes  arc  glued  together,  and  a  drop  of  pus  is  seen  in  the  inner 
canthus.     He  has  used  only  the  boric  acid  wash. 

Bxambiat'wn. — Shows  a  picture  similar  to  the  others,  with  a  thickening  of 
the  conjunctiva  of  the  eyeball  that  is  exposed  in  the  palpebral  fissure.  The 
right  eve  shows  slightly  more  congestion  and  thickening  than  the  left  and  there 
is  some  ciliarv  injection  about  the  scleroc(jrneal  junction. 

The  palpebral  conjunctiva,  especially  over  the_  lower  right  eyelid,  shows 
some  congestion  and  slight  thickening. 

Case  X. — Exposure  without  mask  to  strong  concentration  of  mustard  gas 
vapor.     Symptoms  developed  three  hours  later. 

He  complained  of  severe  irritation  and  pain  in  the  eyes  and  the  lids  were 
swollen,  edematous  and  could  hardly  be  separated.  The  routine  cold  boric  acid 
compresses  were  used,  and  it  was  not  until  three  days  later  that  the  edema  dis- 
appeared. 

Case  XI. — Presented  a  somewhat  different  aspect.  He  was  exposed  for  a 
short  time,  a  few  minutes,  to  quite  a  heavy  dose  of  dichlorethylsulphide  vapor. 
He  had  some  slight  irritation  and  lacrimation  but  no  congestion  to  any  marked 
degree.  There  was,  however,  a  diminution  of  vision  in  the  right  eye  which 
was  said  to  be  very  marked.  Both  near  and  far  vision  were  greatly  reduced. 
There  was  blurring  of  all  images. 

Report  of  Eye  Specialist. — "In  regard  to  Case  XI,  whom  I  this  day  exam- 
ined, I  find  his  vision  in  right  eye  4/200.  Under  atropine  I  find  he  has  at  least 
three  diopters  of  hypermetropia  with  some  astigmatism,  the  correcting  of  which 
does  not  inipro\e  his  vision. 

"If  this  condition  has  been  brought  about  in  the  last  three  weeks  as  he 
claims,  though  the  fundus  does  not  show  this,  it  must  be  toxic.  Otherwise,  it 
is  ambl}'oiiic  and  his  previous  vision  was  not  normal." 

Case  XII. — Has  been  exposed  to  dichlorethylsulphide  for  about  one  month. 
He  has  had  some  irritation  and  congestion  about  one  week  ago.  At  present  the 
condition  appears  to  be  much  improved  but  the  patient  comes  in  complaining 
of  failing  vision,  dimness  and  blurring.  Both  eyes  are  affected  and  the  condi- 
tion is  progressing  rapidly  ;  both  near  vision  and  distant  vision  are  involved. 
The  patient  must  bring  a  printed  page  to  within  six  inches  of  the  eye  in  order 
to  be  able  to  read. 

A  close  examination  of  the  cornese  failed  to  reveal  any  opacities  to  account 
for  the  trouble.  The  corneal  epithelium  showed  no  apparent  thickening  or  dull- 
ing. The  conjunctiva  shows  some  thickening  and  signs  of  chronic  irritation  in 
the  part  exposed  in  the  palpebral  fissure.     It  was  considered  that  this  case  like 
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Case  XI  was  ciu'  of  sonic  iiilcnial  I'uiulus  jjatliolo^y  or  an  acconiniodation  dis- 
lurltancc. 

Casiv  XIII.  IvNitosurc  of  1  lionr  lo  nctv  dilute  conccnlralion  of  mustard 
ijas  xapor. 

vSix  lioin-s  laliT  marked  liUiaiin.;-  and  irritation  of  couiuncti\a.  lacrimation, 
lilurrin^-  of  \i>ion  and  rcddcniiii^  of  conjuncli\al  surfaces.  These  symjitoms 
lasted  three  days  and  gradually  decreased,  hut  a  feeling-  of  roughness  of  lids 
ami  visual  disturliance  persisted  for  nearly  two  months. 


ci,T\n\-\i,  s^'M^^ARY 


From  these  cases  it  will  be  seen  that  exposure  to  varying  concentrations  of 
\apor  of  (hchlorethylsulphide  for  varying  periods  produces  a  conjunctivitis  show- 
ing all   stages  and   degrees  of   intensity   from   a   simi)le   acute   type   to   a   severe 


Fig.  43. — Five  weeks  after  direct  aiiplicatiun  of  (lichloretliylsulpliiile  to  cornea.  Dosage  aliont 
twice  the  size  of  the  standard  dro])Iet.  I, ids  not  separated.  Eye  nntreated.  Resnlting  jmndent 
panoplitliahnitis    with    coIla]ise    of    eyeball. 

chronic  proliferatixe  conjuncti\itis.  'J'b.e  symi)tomatology  and  clinical  picture 
may  vary  greatly.  The  lesions  are  most  marked  in  that  portion  of  the  bull)ar 
conjunctiva  exposed  in  the  palpebral  fissure.  The  milder  cases  recover  after 
several  days  or  weeks,  but  the  more  severe  cases  develop  chronic  hyperemia  of 
the  conjunctiva,  new  formation  of  vessels  and  scar  tissue  in  the  most  severe, 
with  more  or  less  permanent  disturbances  of  vision.  One  of  the  cases  observed 
develo]>ed  an  almost  complete  amblyopia  in  one  eye,  so  that  (Mily  the  perception 
of  light  and  shadows  was  possible.  In  another  case  marked  bilateral  gradual 
reduction  of  visi(jn  was  noted.  .\  xanthoma-like  pigmentation  was  also  noted 
in  the  chronic  cases,  the  pigmentation  developing  near  the  outer  or  imier  sclero- 
corneal  junction,  or  over  the  corneal  limbus. 

There  is  no  e\i(lcnce  of  an\-   metastatic   inxoKement   of   the  eye.      In   cases 
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slmwinj^f  st'MTc  l»ui"ii^  ol  nilin-  ii.irt-  ol'  ilic  ImkIv,  anii,  Icj,'.  dc,  no  cunjutu'tiv  itis, 
fxcii  of  the  -iiii|i!c-i  i\|ic.  i|(\  cloiicd.  Such  c'\cc|»tion-  arr  cxjjlaincfl  ciilirely 
li\  ilu'  fail  lliai  llir  \.ioui  iIkI  not  reach  the  eyes  cxtcnially.  In  oilier  cases  with 
se\(.'i-i'  hums  o\(i-  llic  (inii'c  liodx  with  ihc  (•\ca-i)tion  ot  tlie  lace,  which  was 
protcck'i!  h\    the  .i;as  nia-^k,  no  eye  or  conjunctix  al   syni|>loins  were  notcl. 


I'ig.  44.  —  Kighl  ;iii(l  left  I'vcs  dt  a  valiliil  54  hours  after  12  hours'  exposure  in  gas  chamber  to 
a  concentration  ot  1  :5(),()00  of  (iichhn-etliylsulphiile.  Right  eye  leceiveil  prophylactic  treatment  with 
(lichloramine  T,  0.5  per  cent  in  chlorcosaue.  Left  eye  untreated.  Right  eye  shows  much  less  marked 
corneal  necrosis,  the  area  of  necrosis  being  sharply  demarcated  by  the  somewhat  approximated  borders 
of  the  palpebral  lissure.  The  characteristic  line  described  by  Pissarello  shows  beautifully.  The  left 
eye    shows    the    usual    diffuse    necrosis    of    the    cornea. 


Imr.  45. — Right  and  left  eyes  of  rabbit  gassed  at  the  same  time  as  the  preceding.  Right  eye 
treated  with  four  applications  during  the  lirst  3(>  hours  of  dichloramine-T,  0.5  per  cent  in  chlorcosane. 
Died  96  hour.s  after  end  of  exposure.  Right  eye  shows  less  edema  and  much  less  marked  corneal  injury; 
left  initreated  for  (<0  hoius,  at  end  of  which:  time  some  purulent  exudate  formed.  Left  eye.  entirely 
untreated,    showed    the    usual    marked    edema    and    corneal    necrosis,    with    marked    purulent   exudation. 


I\'.     TREATMENT 

Ina.smuch  as  the  rouliiu'  and  uni\crsall\  etnploycd  cHnical  treatment  ac- 
corded the  cases,  as  descrihed  above,  seemed  to  us  unsatisfactory,  experimental 
in\esti}j^ation  was  carried  out  witli  a  liope  ot  ohtainiiii:;'  some  improxed  method 
of  treatment  aj)])lica])le  to  human  cases.  The  use  of  Dakin's  solution  in  the 
eye  was  naturally  contraindicated  because  of  its  too  threat  irritating  properties. 
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SO  that  milder  chlorinating^'  solutions  were  soui^dit  for  this  purpose  and  the 
choice  naturally  fell  upon  the  solution  of  dichloraniine-T  in  chlorcosanc,  par- 
ticularly as  this  substance  had  been  recommended  by  various  writers  for  the 
treatment  of  infective  conditions  of  the  eyes,  such  as  trachoma.  Our  experi- 
ments showed  that  this  solution,  if  applied  to  the  eye  before  exposure  to  the 
gas,  has  a  definite  pro])hylactic  action,  and  that  when  applied  before  and  after 
exposure  the  resultinj^"  lesions  are  much  less  severe.  (See  Figs.  43,  44,  45,  46,  47.) 
In  cases  in  which  the  exposure  extends  over  a  period  of  several  hours,  the 
administration  of  dichloramine-T  in  chlorcosane  causes,  naturally,  no  change 
in  the  intensity  of  the  lesion.     Here  its  after-use  is  indicated  for  its  germicidal 
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Fig.  46. — Ciliary  body  from  eye  of  rabbit  exposed  12  hours  in  gassing  chamber  to  a  concentration 
of  1:50,000.  Animal  died  92  hours  later.  Marked  collection  of  polynuclear  leucocytes  in  anterior 
chamber,  in  the  ciliary  body,  and  in  the  iris  of  the  left  eye  which  had  received  tie  treatment  with  the 
dichloramine-T   solution.      Same   rabbit   as    in    Fig.    44. 

action,  and  the  prevention  of  secondary  infection.  It  seems  to  us  likely  that 
instillations  of  dichloramine-T  in  chlorcosane  solutions  could  be  used  as  prophy- 
lactic methods  on  the  battlefield  during  a  known  gas  attack,  and  that  in  cases 
of  severe  eye  injury  due  to  dichlorethylsulphide  its  use  should  be  continued  for 
the  purpose  of  preventing  secondary  infection. 


SUMMARY  OF  TREATMENT 

1.  The  use  of  any  method  of  treatment  which  brings  pressure  upon  the 
lids  and  eyeball  such  as  tight  bandaging  or  heavy  compresses  is  absolutely  con- 
traindicated. 
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2.  I'lir  llu'  mild  case-.,  l'i((|nriil  irri}:;iti<)n  with  saturaU'fl  horacic  acid,  tlie 
use  of  liglil  wi'ii^lil  horacic  acid  coiiiin'csscs,  hot  vapor  baths,  and  protection  of 
the  eyes  by  darkeiiini,'^  of  the  looin,  or  hy  a  hj^hl  j,'au/e  handaj^'c  or  by  the  use  of 
smoked  S4()f(}^les  arc  recommended. 

3.  v*~^pecial  care  musl  be  taken  to  ])re\enl  the  f(luin^  t(jj.jether  of  the  eye- 
lids b)-  accuiimlation  of  the  exudate.  .Should  tlii^  occur  the  exudate  should  be 
softened  and  \\a>he<l  ;i\va}-  with  boracic  acid  with  care  to  avoid  forcible  separa- 
tion of  the  lids. 

4.  The  use  of  argyrol,  sihol,  etc.,  is  in  our  (j[)inion.  undesirable. 

5.  The  use  of  cocaine  is  considered  unwise. 

6.  h'or  the  sexerc  forms  the  use  oi  a  1  per  cent  Dakin's  solution  is  found 
to  be  loo  inilaliuL;-.     We  therefore  recommend  the  emplovment  of  the  chlorcosane 


Fig.   47. — Iris   of   same   eye   as   in    precetling   figure,    showing   congestion,   edema   and   polynuclear   inliltration. 
^larked  iiolynuelear   exudate  in    the   anterior   chamber. 

of  dichloramine-T  in  a  strength  of  0.5  to  1  per  cent,  or  even  stronger.  We  fur- 
ther advise  that  in  all  cases  of  exposure  to  mustard  gas  this  solution  be  used  as 
an  immediate  irrigant  for  its  prophylactic  effects,  followed  in  the  milder  cases 
of  injury  by  boracic  acid  irrigation  and  in  the  severe  cases  by  repeated  irriga- 
tions with  the  dichloramine-T  solution  for  the  prevention  of  secondary  infection. 
7.  For  the  treatment  of  the  refractive  errors  and  more  permanent  disturb- 
ances of  vision  the  i)atient  must  be  referred  to  a  competent  ophthalmologist. 


COXCLUSIOXS 

1.   The  action  of  mustard  gas  ui^on  the  cornea  and  conjunctiva  is  essentially 
the  same  as  that  upon  the  skin.    The  conjunctiva  is,  however,  less  susceptible  to 
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tlic  aclinii,  or  lu'llci"  protected,  as  the  degree  of  necn)sis  prodiucd  in  it  is  always 
less  than  that  in  the  cornea  or  the  epidermis. 

2.  Exposnrcs  to  dilute  concentrations  of  the  Najxir  produce  sliglil  dei,renera- 
tions  of  the  coi'neal  and  conjunctival  epithelium  followed  In'  a  simple  conjunc- 
tivitis. The  use  of  a  2  [ler  cent  alkaline  aqueous  fluorescein  solution  in  demon- 
strating the  necrosis  of  the  corneal  epithelium  wilhin  ten  lo  liftccn  minutes  after 
exposure  to  gassing  has  great  clinical  value. 

3.  Exposures  to  stronger  concentrations  produce  a  more  or  less  com])lete 
necrosis  of  the  corneal  vertex,  extending  throughout  die  enlii-e  depth  of  the 
cornea.  PuruU'nt  exudation  into  the  anterior  chamhcr  ma\-  occur;  hut  no 
changes  except  congestion  and  edema  were  observed  in  the  posterior  chamber 
or  optic  ner\e  in  noninfected  cases.  In  severe  cases  iridocyclitis  and  iritis  may 
occur  without  secondary  infection.  The  conjunctival  epithelium  also  suffers 
necrosis,  and  there  results  an  intense  edema  of  the  subconjunctival  tissues  with 
marked  congestion,  multiple  hemorrhages,  leucocyte  infiltration,  and  frequently 
secondar}'  li(|uefaclion  necrosis.  The  depth  of  the  necrosis  in  the  conjunctiva 
is  much  less  than  that  in  the  pali)ebral  epidermis.  This  difference  in  degree  of 
escharization  can  be  explained  in  part  by  the  penetration  of  the  hair  follicles 
on  the  skin  surface,  and  in  part  by  the  moistness  of  the  conjunctival  surfaces 
and  the  lacrimation.  A  diffuse  mild  inflammation  of  the  peribulbar  tissues  oc- 
curs, often  wdth  marked  infiltration  of  the  ocular  muscles. 

4.  No  metastatic  lesions  of  the  eye  could  be  produced  experimentally  ;by 
applications  of  mustard  gas  to  other  regions  of  the  body,  or  by  subcutaneous  or 
intraperitoneal  injections. 

5.  For  the  milder  forms  of  mustard  gas  conjuncti\itis  we  recommend  im- 
mediate irrigation  with  the  0.5  to  1  per  cent  chlorcosane  solution  of  dichlor- 
amine-T  followed  by  frequent  irrigation  with  saturated  boracic  acid  solution. 
For  the  severe  forms  the  same  initial  treatment  followed  by  frequent  irrigations 
with  the  dichloramine-T  alternating  with  boracic  acid.  We  advise  against  the 
use  of  bandages  or  compresses  bringing  pressure  upon  the  eye,  against  the  use 
of  colloidal  silver  preparations,  and  against  the  use  of  cocaine.  During  exposure 
to  mustard  gas  vapor  the  dichloramine-T  solution  may  be  used  as  a  prophylactic 
agent. 

6.  Healing  in  the  more  severe  forms  results  in  vascularization  and  cicatriza- 
tion of  the  cornea  with  marked  disturbances  in  A'ision.  Even  in  the  milder  forms 
of  coniunctivitis,  localized  roughness  or  irregularity  in  the  conjunctival  surface 
may  persist  for  weeks  as  the  result  of  localized  edema,  hyperemia,  cellular  in- 
filtration, etc.  Serious  refractive  errors  and  reduction  of  vision  result,  even 
in  mild  cases.  For  the  correction  of  the  disturbances  of  vision  the  patient  should 
be  referred  to  a  competent  specialist. 
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VE\\\  little  \v<\^  l;ecn  ])ul»li.^lu-(l,  or  made  available  to  the  meclical  profe'--ion. 
of  llie  treatmenl  of  mustard  t^as  injuries.  This  can  be  explained,  in  i)art 
at  least,  by  militar}-  exij^cncies,  but  also,  without  doubt,  cliicfiy  by  the  fact 
ihat  the  treatment  has  been   larj^ely  em])irical  or  experimental. 

Maude]  and  (ilhsoii  {Joiinial  American  Medical  Association,  December  S, 
1017  ),<i;i\e  a  .-uinniary  of  the  treatment  used  abroad  at  the  time  of  their  writ- 
ing. This  treatment  consists  essentially  of  tlie  use  of  a  10  per  cent  sodium 
bicarbonate  solution  for  the  cutane  >us  burns,  irrij^ation  of  the  eyes  with  boric 
acid  solution,  use  of  alkalies  internally,  bleeding  for  the  pulmonary  edema,  opi- 
ates for  the  paroxysmal  cough  and  treatment  of  complications  as  they  arise. 

Tcitlieres  {journal  dc  Mcdccinc  dc  Bordeaux,  1917,  xlvi.  p.  247;  1918. 
xl\ii.  p.  37)  w  riting  of  the  ocular  lesions  produced  by  mustard  gas  says  that  the 
treatment  consists  of  the  a]>plication  of  warm  vapor  and  the  instillation  of  a 
collyrium  of  atr()])ine  and  iodoform  ointment.  From  his  article  it  would  appear 
that  bicarbonate  water  is  used  as  an  eye  wash  as  a  first-aid  measure  to  those 
exposed  to  the  gas. 

Teulieres  and  I'idois  iArelL^es  d'  O  phtahnologie,  1910-17.  xxx\ .  p.  403) 
again  treat  of  the  ocular  lesions  and  state  that  the  treatment  that  has  given  the 
best  results  is  the  e\e-bath  with  warm  \  apor  lasting  for  ten  mmutes  and  re- 
peated from  four  to  fi\e  times  dail\-.  They  also  give  in^^tillations  of  adrenalin 
and  cocaine  solution  for  the  jiain  and  fref|uent  instillations  of  atropine  when 
the  iris  is  invi^hed. 

iiiraud  (Journal  de  Mederiiw  et  de  Chirurijie,  Wnemler  IS,  1917.  Ixxxxiii. 
p.  890)  gives  the  methods  used  in  the  French  army  at  that  time,  as  follows: 
Use  of  bicarbonate  solution  at  the  first-aid  station,  both  for  the  eyes  and  the 
skin  burns,  followed  in  the  case  of  the  latter  by  a  dressing  of  Vincent's  powder 
(boric  acid  and  calcium  In  pochloriteV  The  lesions  of  the  respiratory  tract 
are  gi\en  a  ])urely  s\nii)tomatic  treatment  of  revulsions,  opiates  and  expecto- 
rants. He  mentions  the  fact  that  many  men  claim  to  have  escaped  the  toxic 
action  of  the  ga.-  while  -nioking. 

PissarcUo  (Ciornale  di  Medicine  Mllitaire.  1918.  Ixvii.  p.  128)  gives  the 
ophthalmologic  aspects  of  mustard  gassing,  and  sums  up  the  treatment  as  fol- 
lows :  Patient  immediately  undressed :  clothing  aired  ami  sunned.  Bandage 
removed  from  eye  at  once,  if  jire^ent.  as  it  mav  be  a  cause  of  corneal  abrasion. 
Bandage  a  danger  in   cases  of   bulbar  chemosis.     Use  light  gauze  curtain  be- 
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fore  eyes.  Two  \k'v  ccnl  liicarljonatc  or  boiled  sIcriU'  writer  as  an  eye  wash, 
with  warm  A'apor  fomentations,  twcnt\'  minutes  each,  three  times  daily.  Avoid 
bandages  and  cocaine.  Zinc  oxide  ointment  for  the  lid  lesions.  For  the  skin 
lesions  use  pomade  of  vaseline  and  10  jK-r  cent  bicarbonate  of  soda.  Patients 
should  be  kept  in  a  warm  moist  ward  to  ])revent  bronchial  cfunplications.  Keep 
ward  air  moist  by  a  boiler  of  2  per  cent  bicarbonate  solution.  Use  this  solution 
as  a  gargle  also.     Dover's  powder,   chloral   and  bromide   mixture,   opium   and 


Fig.  1. — Foot  J4  hours  after  exposure  of  4  hours  in  ■■]-]">■  i  nnlaniinai  i  d  with  mustard  gas.  Marl<ed 
tense  vesicles.  Four  hours  after  exposure,  treatment  hy  immersion  in  Dakin's  solution  was  begun  with 
immediate   good    results. 


Fig.  2. —  Photograijh  of  foot  six  weeks  after  coiitamina  ion  of  shoe  with  few  drops  of  mustard 
gas.  Six  weeks  treatment  with  zinc  stearate,  American  oil,  and  vaseline  ]  reduced  the  picture  seen  in 
ttie  figure.  Within  one  week  af  er  treatment  with  Dakin's  solution  and  saline  halhs  the  lesions  were 
entirely    epithelialized,    w'ith    resulting    jirompt    and    complete    recovery. 


belladonna  may  be  used  for  cough  and  nervous  .symptoms.     Pissarello  observed 
no  internal  toxic  action  of  the  gas. 

Bandaliiie  and  Poliakoff  (null.  <le  I'Acad.  dc  Mcdccinc,  July  9,  1918.  Ixxx, 
p.  30)  advises  the  use  of  hot-air  douches  (150^  to  180°  C),  under  pressure  of 
300  gm. ;  to  give  relief  to  the  intense  pain  and  insomnia  folhnving  mustard  gas 
t)urns.  He  also  advises  the  use  of  a  "linoscrum"  (infusion  of  flax  seed  1.5  p. 
100,   1000  grm.,  sodium  chloride   pure,  9  grms.   hlteretl  and  sterilized  in  auto- 
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Fig     3_ — One    week    after    10    to    12    minutes'    exposure    to    strong    concentration    of    mustard    gas    vapor; 
erythema  and  jiigmentation  of  skin;  acute  urethritis  and  phimosis. 


Fig.  4. — lUittccks  of  same  laticnt  a.--  tin  prcccdin!>.  taken  at  the  s.ir.K  time,  sliowing  desquamation  of 
necrotic  epidermis.  As  in  most  of  the  mild  cases,  tlic  greater  severity  of  the  lesions  about  the  genitals 
and   buttocks   is   well   shown. 
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Fig.  5. — Genitals  of  same  patient  as  the  i)i-eceding,  two  weeks  after  exijosure;  during  these  two 
weeks  he  had  been  treated  with  applications  of  zinc  stearate,  vaseline  and  olive  oil,  with  increasing 
necrosis  of  the  epidermis.  When  finally  ])ersiiaded  to  use  the  hip  liath  of  Dakin's  solution  alternating 
with  saline  baths  the  effects  were  so  prompt  and  so  beneficial  to  the  iiatient  that  he  became  one  of  the 
most  enthusiastic  advocates  of  the  method.  The  change  in  the  method  of  treatment  effected  promjit 
healing. 


Fig.  6. — Photdgiaph  taken  two  UH'cks  after  one-lialf  hour's  exposure  to  strong  concentration  of 
mustard  gas  vapor.  During  this  timt  jiatient  was  treated  with  zinc  stearate  anil  oily-liase  methods  with 
resultant  secondary  infection,  ulceration  and  gangrene  of  the  skin  of  the  parts.  This  patient  had 
tried  so  many  ointments  and  applications  tliat  he  was  with  difficulty  persuaded  to  try  the  Dakin's  and 
saline  hip  bath  method.  On  lieginning  tliis  metliod  of  treatment  tlie  beneficial  eft'ects  were  so  marked 
that  he  also  became  an  enthusiastic  advoi  ;i(e  of  the  nietluxl.  I'mgress  of  hialine  frimi  llie  time  of 
change    of    treatment    uninterrupted. 
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clavr,  20  iiiiiuitr-  ;ii  120  C.  I  Id  |ir(\ciil  diosiii^'^  ;i(llKMin,L,'  to  uouikI  surfaces. 
The  clinical  rcscinlilancc  (if  iiiu->lar(l  _<:(as  lesions  f)f  the  skin  to  thermal 
Imrns  has  led  naliiraliy  [n  ilic  use  of  alkalies  externally  and  to  the  application 
ol  air-excludiiii;  |ii oirdives.  such  as  oils,  pastes,  ointments,  pomades,  paraffin, 
oiled  paper,  dusliiiL;  puwdcTs,  ilc.  The  extensive  use  ahrfiafl  of  a  10  per  cent 
hicarhonale  s()hiti,,n  is  llie  ri>nll  no  douht  of  its  employment  in  the  treatment 
of   olhei'   forms   of   ijassinj,^. 


Fig-  7. — Genitals  two  wteks  after  tx|uisiire  to  mustard  gas  vapor,  during  this  time  treatment 
\vas  of  the  ordinary  ifreasc  method  and  resiil  ed  in  secondary  infection,  deep  necrosis  and  phimosis. 
Tliis   photograph   sliinv>    rsi'cci.illy    well    the   tleep    follicular   abscesses    in   the    skin    of    the    scrotum    and    penis. 


Fig.  y. — (icnitals  twelve  days  after  three-quarters  of  an  hour  exposure  to  strong  concentration  of 
mustard  gas.  During  this  time  treatment  with  ;-.ii;c  stearate,  etc.  Stinking  gangrene  of  the  skin 
of  the  scrotum  and  penis.  These  parts  w-ere  covered  with  a  tough  greenish  yellow  necrotic  membrane. 
forming  a  complete  cast  of  the  parts  and  holding  the  infection  and  pus  heneath  it.  This  membrane  had 
to  he  removed  to  |>ermit  access  of  the  Hakin's  and  saline  solutions.  The  condition  shown  is  a  very 
striking   example    of   the   had    effects   of  the   grease    methnd    of   treatment. 


From  the  lahoraiory  standpnint  and  llioorelicallv  it  became  very  evident 
to  us  that  any  form  of  treatment  co\  erintj  the  surface  of  the  injured  skin 
areas  and  forming  an  air-excludinj:;  and  s;erm-including  coating  was  the  \vor<t 
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possible  method  of  treatment.  Our  animal  experiments  vvitli  zine  stearate  and 
other  forms  of  oily  coatings  confirmed  this  view.  Inasmuch  as  mustard  gas 
causes  a  necrosis,  more  or  less  deep,  of  the  skin,  cornea  and  conjunctiva,  and 
mucous  mcnihranc  of  the  respiratory  tract,  the  thera])eutic  i)rolilems  are  as  fol- 
lows : 

1.  To  sterilize  the  dead  tissue  and  pre\  ent  infection  of  the  eschar. 

2.  To  prexent  further  necrosis  by  rcmoxing  pressure. 

3.  To  promote  removal  of  the  eschar  and   rapid   regeneration  and  healing 
without  secondary  infections. 

Naturally,  the  use  of  Dakin's  solution  suggested  itself  as  an  ideal  method 


Fig.  9. — Method  of  applying  Dakin's  and  saline  solntinn^  tn  nmstard  gas  lesions   of  the  genitals.     Genitals  of 

this  patient   sliown   in    Fig.    6. 


particularly,  because  the  use  of  a  chlorinating  solution  would  also  serve  to  de- 
stroy any  mustard  gas  remaining  in  the  skin,  hair  follicles,  or  sweat  glands. 
The  use  of  the  bath  method,  as  carried  out  in  the  treatment  of  severe  thermal 
burns  and  necrotic  and  suppurative  conditions  of  the  skin,  and  especially,  be- 
cause of  the  danger  of  bedsores  and  secondary  necrosis  from  pressure,  seemed 
an  ideal  method  of  treating  severe  mustard  gas  lesions. 

An  opportunity  of  applying  these  principles  to  the  treatment  of  mustard 
gas  lesions  in  human  beings  presented  itself.  A  number  of  cases  with  mustard 
gas  injuries  varying  from  the  mildest  form  up  to  the  most  severe  and  fatal 
degree  were  seen  by  us.     When  first  seen  they  had  been  treated  for  a  week  by 


TkK.ATMIvNT   Ol-    "MUSTAKD   C AS"    INJI'KIKS 


X39 


llic  air-cxcliulin[,f  nictluKl  of  /.iiic  slearalc.  olive  oil,  iinncral  oil,  oiled  paper,  etc. 
The  severe  cases  were  all  infeclefl,  stinkinj^j  with  the  odor  of  j,'anj,n-cne  ;  the  in- 
jured areas  of  the  skin  were  j^'aiii^M-eiious  and  dri|)i>in;4^  with  a  jnirulcnt  san- 
^niineous  (luid,  and  I.ir^c  aira'-  of  pressure  decuhilus  were  developing,'.  An  op- 
portunity  was  allorded   for  the  practical   working  of  our  suggestions;  and  the 


,Fig.  10. — Diffuse  erythema  of  the  sk'n  due  to  ten  to  twelve  minutes  exposure  to  strong  con- 
centration of  mustard  gas.  Treated  one  week  hy  the  grease  method  with  increasing  infection  of  the 
dead   skin,   particularly   around   the   genitals  and   anus.      Change   of   treatment   of   the   wet  Dakin   and   saline 

methods    resulted    in    prompt    healing. 

results  justified  this  method  of  treatment,  although,  under  the  crude  and  inef- 
ficient conditions  obtaining,  the  complete  immersion  method  was  not  given  a 
complete  trial.  For  local  lesions,  as  of  the  genitals,  the  hip  bath  proved  the 
efficacy  of  this  method. 
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Wo,  therefore,  believe  thai  the  method  of  treatment  outlined  helovv  is  of 
i;real  ]iraciieal  \ahie.  It  is  founded  upon  the  patholoij^y  of  the  lesions  pro- 
duoed  liy  uuislaid  j^as,  and  is  leased  upon  scientific  princijiles.  Tt  is  not  cm- 
])incal  oi-  s\  nipt(»matic.      In  ])raclice  it   lias  produced  '^ood   results. 


Fig.    11. — Near   view      ,f   vaiiu-   |  ati 


,  n   in   Fig.    10. 


THE    TREATMENT    01-'    DIC  H  I.ORETH  V^SULPH  IDE    INJURIES 

A.  MiEU  Injuries. — Wash  immediately,  or  hotter,  immerse  parts  one-half 
to  two  hours  in  Dakin's  solution  (strength  of  aliout  0.5  per  cent  hypochlorous 
acid).  If  too  irritating,  and  when  the  skin  is  unhrokon  this  is  not  likely  to  be 
the  case,  dilute  the  solution  or  shorten  time  of  immoision.     If  iniurod  surfaces 
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arc  \iTv  lar^t'  use  full  hath;  for  k^ioiiN  of  the  j^'cnital  rcj,nf)n  u-c  shy.  hath. 
\\  hen  iinuu-rsion  ol  parts  ]■>  not  fxpcrhcnt  use  wet  Dakin's  (lrcssi^f(^  or  irrigate 
with  Dakin's  sohitioii.  If  the  wet  treatment  (which  we  consider  hy  far  tl-e 
i)cst )  can  not  he  carried  out,  the  apiilication  of  (lichloraininc-T  in  chlorco>ane 
or  chloi  amine  T  in   soduun  stcaratc  may  he  used.     These  procedures  will   serve 


iMg.  12. — Pliotograph  taken  one  week  after  40  minutes'  exposure  to  strong  concentration  of 
nuistard  gas  va|)or.  Treated  with  grease  method  during  this  time  with  increasing  infection  and  gangrene 
of    epidermis.      Change    of    treatment    to    the    wet    Dakin's    an.l    saline    method    effected    prompt    healing. 

a  douhle  purpose  of  chlorinatine^  and  rendering  inactive  any  dichlorethylsul- 
phide  remainino-  in  the  skin,  hair  folHcles,  etc.,  and  also  chsinfecting  the  dam- 
aged skin  surface.     'Idiis  primary  (Hsinfection  of  the  skin  is  of  very  great  ini- 
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portaiico  in  the  ])revcntioii  of  llic  secondary  infections  that  are  so  often  of  a 
serious  character.  After  tlie  Dakin's  solution,  use  wet  dressings,  irrigation  or 
bath  of  sterile  hy|ierlonic  saline  (5  to  10  per  cent),  alternating  with  the  above 
Dakin's  solution  and  a  .sterile  ]iliysi()logic  saline,  according  to  judgment,  about 
as  follows:  Dakin's  1  to  1  hours,  hyi)ertonic  saline  2  hoin-s,  i)hysiologic  saline 
1  hour,  and  then  repeat  until  lesions  appear  and  extent  of  injury  can  be  de- 
termined. As  long  as  the  lesion  remains  an  erythema  continue  this  treatment 
during  the  daytime.  At  night,  dry  the  skin  under  aseptic  i:)recautions,  and  a]i- 
ply  a  \anishing  surgical  cream  containing  hypochlorous  acid  or  liberating  chlo- 
rine, of  the  type  of  the  chlora/.ene  (chloramine-T,  1  per  cent,  in  sodium  stear- 
ate)  surgical  cream,  or  instead,  use  wet  h}pertonic  saline  dressings.  Dusting 
powders  are  inadvisable  because  of  crusting  and  possibility  of  infection.  Chlo- 
raminc-1'  and  dichloramine-T  in  full  strength  i)owder  form  are  too  irritating. 
A\  e   have  had    no  experience  with   Vincent's   powder  but  on   generall   principles 


Fig.  13. — Photograiih  one  week  after  one-half  hour  exposure  to  strong  concentration  of  mustard 
gas.  During  this  time  treated  by  the  grease  method.  Photograph  shows  very  well  the  protection 
afforded  by  the  tight  belt.  The  more  marked  lesions  in  the  axillae,  bends  of  the  elbows,  and  genitals 
and    the    large    flaky    character    of    the    primary    desi|uamation    and    the    pigmentation    are    well    shown. 


would  not  favor  its  use.  We  also  advise  against  the  use  of  silver  nitrate,  iodine, 
potassium  permanganate,  or  other  local  applications.  Saturated  magnesium 
sulphate  solution  proved  irritating  and  no  benefits  were  observed  from  its  use. 
In  the  case  of  \esicle  formation,  empty  vesicles  early  under  aseptic  precau- 
tions, by  means  of  a  hypodermic  syringe  or  sterile  needle  with  slight  pressure 
upon  the  vesicle,  and  allow  intact  vesicle  wall  to  collapse  and  seal  down  upon 
its  base.  After  this  procedure  continue  with  alternating  Dakin's  and  sterile 
sahnes,  as  above.  If  vesicles  are  not  drained  early,  the  fluid  content  may, 
within  4  to  5  hours,  coagulate  to  such  an  extent  that  a  large  coagulum  is  formed 
that  can  not  be  removed,  and  forms  a  possible  medium  for  bacterial  growth. 
It  is  very  important  that  skin  damaged  by  mustard  gas  be  protected  from 
trauma.  Slight  injuries,  even  ordinary  pressures  of  the  body,  will  cause  the 
development  of  secondary  vesicles  or  decubitus  in  the  injured  areas. 
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'riu'  use  (if  un,i,'m'nls  .-md  oiiitnu-nls  with  oily  bases,  such  as  zinc  stcarate, 
olive  oil,  okum  pet lol.ilum.  or  any  f<»rin  of  eiiule  vaseline  or  other  protecting 
oil,  or  such  air-exchuliu.i,'  aiid  in  feeliou-ineludinj^'  protectives  as  oiled  paper, 
l)araffin  sprays  and  coalinjjjs,  such  as  are  employed  in  the  treatment  of  thermal 
liurns,    is    strongly   condemned    hy    us    in    the   treatment   of   dichlorethylsulphide 


Fig.    14. —  r.atk    of   .same    ]  atieiit 


the    preceding   ligure. 


injuries.  The  principle  of  excluding  the  air  for  the  purpose  of  lessening  pain 
in  the  treatment  of  thermal  burns  is  not  applicable  here  because  of  the  relative 
anesthesia  of  the  dichlorethylsulphide  lesions  in  their  earlier  stages.  Exceptions 
to  the  above  rule  arc  the  so(1ium  stearate  impregnated  with  chloramme-T  and 
the  chlorcosane  solution  of  dichloramine-T,  as  in  these  cases  there  is  an  active 
and  persistent  germicidal  agent  present.     In  the  case  of  denuded  surfaces  with 
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imicli  I'.iin  and  when  Ijcdsorcs  hnvv  dv\v\i)\)C(\,  tlic  colloidal  saline  balh  is 
strongly  advocated  by  us.  This  hath  is  made  as  follows:  Dissolve  one  pound 
of  commercial  cornstarcli  and  one  ]u)und  of  sodium  bicarbonate  in  20  to  30 
gallons  of  sterile  phvsiologic  salt  solution,  at  a  temperature  of  90°  to  95°. 
The  patient  can  be  left  immersed  in  this,  when  necessary,  from  15  minutes  to 
48  hour.s.  The  patient  should  be  constantly  watched  by  the  nurse.  Should 
pulse  become  weak,  give  strychnin  or  digipuratum  or  any  other  active  digitalis 
preparation,  or  remove  from  bath,  and  apply  blankets  and  heat. 

Mild  Cnujuncth'itis. — Avoid  pressure  from  heavy  compresses  or  tight 
bandages.  Cold  compresses  of  saturated  boric  acid  constantly  applied  with- 
out pressure  for  12  to  24  hours  or  longer,  or  hot  vapor  eye  baths  relieve  the 
pain  and  discomfort,  particularly  the  feeling  of  "sand  in  the  eyes,"  and  reduce 
the  congestion.  Personal  experience  leads  us  to  recommend  highly  the  use  of 
a  0.5  per  cent  solution  of  dichloramine-T  in  chlorcosane  both  as  a  prophylactic 
and  tlierapeutic  measure  for  the  ocular  conditions. 

Mild  Respiratory  Lesions. — For  the  mouth  and  throat  conditions   a  weak 


Fig.  15. — Photograph  one  week  after  three-quarters  hoi'.r  exposure  to  strong  concentration  of 
mustard  gas.  Treated  twelve  days  with  grease  method  with  resulting  severe  gangrene  of  the  epidermis 
and   large  decubitus  from  which  he  died  three  weeks  later. 

Dakin's  or  a  .25  to  .50  per  cent  chlorazene  solution.  For  the  aphonia  use  ice 
bag  externally,  and  steam  inhalations,  with  or  without  compound  tincture  of 
benzoin. 

B.  Sf^vrre  Injuries. — When  necrosis  of  the  skin,  more  or  less  extensive 
develops,  follow  the  same  line  of  treatment  given  above :  full  bath,  irrigation, 
slush  or  sponge  bath,  or  wet  packs  of  Dakin's  solution,  alternating  with  physio- 
logic and  hypertonic  salines,  or  the  colloidal  bicarbonate  bath  should  be  con- 
stantly employed.  When  the  severe  lesions  are  upon  the  shoulders,  buttocks, 
etc.,  the  greatest  care  must  be  taken  to  avoid  bedsores,  as  they  will  develop  very 
quickly.  For  this  purpose  the  constant  colloidal  or  saline  bath,  with  patient 
hung  in  canvas  body  cradle  to  take  off  pressure  should  be  used.  The  cradle  also 
gives  increased  facility  in  handling.  It  is  of  the  greatest  importance  to  protect 
the  damaged  areas  from  secondary  trauma. 

\\'here  decubitus  or  sloughs  occur  the   necrotic  layer  .should  be   removed. 
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cillici-  with  sU'iilc  fi)rcc])s  or  liy  moans  of  fref|U('iit  hot  irrigations  iitiflfr  pres- 
sure. I'or  thiN  puiposc  sahnc,  Dakin's,  1:10,000  i»otassium  pcrmanf^anatc  solu- 
tion, etc.,  slioiild  l)f  used.  If  the  necrotic  areas  have  become  infected  tlirouj:(h 
neglect  or  improper  treatment,  the  use  of  Dakin's  fjr  a  similar  solution  should 
be  pushed,  ahern.-ilin-,^  with  liypcrtonic  s.dine  baths.  A  hyperclilorous  solution 
made  acconhni;  to  Carrel's  metliod  can  lie  ;ii)plied  liere  with  good  results: 


Fig.  16. — Photograph  one  week  after  three-quarters  hour  exposure  to  strong  concentration  of 
mustard  gas.  Treated  by  the  grease  method  with  resultant  diffuse  infection  and  g^angrene  of  the  skin 
of  the  back.  Change  to  the  wet  Dakin's  and  saline  methods  removed  the  odor  of  gangrene  at  once, 
checked    the    infection    and    jiromoted    prompt    repair. 


To  one  liter  of  water  add  12.5  grams  of  bleaching  powder,  shake  vigor- 
ously, then  add  12.5  grams  of  boric  acid  powder,  and  shake  again.  Allow  the 
mixture  to  stand  for  some  hours,  preferably  overnight,  then  iilter  oil",  when  the 
clear  solution  is  ready  for  use.  This  solution  contains  about  .54  per  cent  of 
hypochlorous   acid,    1.28   per   cent    calcium   biborate   and    .17   per   cent   calcium 
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Fig.    17. — Microscopic  appearance  of  mustard  gas  decubitus   four  weeks  after  exposure. 


Kig.  IS. — I'liiit'iHiuini;!  aiih  of  regenerating  epidermis  under  tlie  wet  Dakin's  and  saline  nietliod 
of  treatment  four  weeks  after  the  injury.  Note  the  regeneration  of  the  e|iitheliuni  from  tlie  remains 
of  the  hair   follicles  and   sweat  glands. 
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chloi-'hU-.  This  is  nl-oul  tlu-  most  i)r:ictical  cciuH-ntration  of  liypoclilr,rous  ric'ul. 
as  stronijcr  solutions  rapidix-  lose  stren}j[tli. 

Wlicn  tlic  jiaticiits  arc  very  weak.  tc-iniK  raturc  risiIlJ,^  and  infection  pro- 
^rressinjT  it  may  l)e  advisable  to  employ  te])id   sponge  baths  of  above   solutions. 

Coy\v\.]C.vnoss.—Shock  may  develop  immediately  after  the  exposure  but 
i-^  usuallv  not  as  severe  as  in  thermal  burns.     Treat  as  in  surgical  shock. 

/\'/(/;;rv.--From  the  time  of  exi)osurc  fluids  should  be  forced  to  dilute  the 
urine  and  ]e-<en  renal  dama,i,a-.  When  there  is  severe  shock  and  excessive  vom- 
itini,^  use  Murphy  drip.  Use  a  low  protein  salt-free  diet.  When  a  hypertonic 
l)ath  or  irrigation  is  used  great  care  must  be  taken  to  keep  up  the  mtake  of 


Pit;.  i9._e,,nii''u  tt  Iv  luakd  mustard  gas  lesion  four  weeks  after  injury,  _  treated  twelve  days 
with  grease  method  with  increasing  infection  and  gangrene.  Under  the  wet  Dakin's  and  saline  method, 
infection   was   checked   promptly   and    healing  begun. 

water  and  jn-event  concentration  of  urine.  Sodium  bicarbonate  may  be  given 
internallv.  The  strengthening  of  the  cardiac  function  increases  the  urinary 
output.  The  use  of  digipuratum  is  apparently  of  value  here,  according  to  our 
experience  with  human  cases. 

Heart.— 'X\\(t  heart  rate  is  usually  120-140.  and  there  is  some  ventricular 
dilatation,  probably  with  little  or  no  myocardial  degeneration  (as  shown  by 
autopsy).  The  use  of  active  digitalis  compounds  is  here  indicated.  Digipuratum 
in  doses  of  1.5  grams  3  to  4  times  daily  seemed  of  benefit  in  our  cases. 

Lungs. — For  the  primary  bronchial  and  pulmonary  lesions  there  is  no  spe- 
cific   treatment.      For   the    secondary    pneumonias    (infective")    proceed    accord- 
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int^  to   the  type  of  infcctinj^  (n-jj^anisni,   which   is   likely   to  he   the   streptococcus. 

Gostroi)ifcs!ina!.~-V^c  li(|ni(l  low  protein  diet.  Sodium  hicarhonate  as  in- 
dicated. 

Funiiiculosis.-  Tn  tlu  majoril}-  of  severe  diclilorethylsulphide  injuries  there 
develops  ahout  the  second  or  third  week  a  more  or  less  widespread,  often  gener- 
alized furunculosis,  usually  beginning-  deep  in  the  necrotic  hair-follicles,  and 
due  to  a  staphylococcus  pyogenes  aureus  infection.  The  furuncles  range  in 
size  from  miliary  pustules  to  large  painful  boils.  The  large  ones  should  be 
opened  and  drained,  and  a  stock  stajihylococcus  vaccine,  or,  if  possible,  an  autog- 
enous vaccine,  should  be  given  in  large  doses,  1  Inllion  every  third  day  for 
four  injections. 

Severe  B,ye  Injuries. — Experimental  e\'idence  seems  to  indicate  that  the 
use  of  5  per  cent  solution  of  dichloramine-T  in  chlorcosane  lessens  the  injuries 
to  cornea  and  conjuncti\a,  and  prevents  secondary  infection.  The  use  of  atro- 
])ine  is  indicated  in  case  of  involvement  of  the  iris.  The  development  of  a 
chronic  conjunctivitis  should  be  prevented  by  the  wearing  of  tight-fitting  (but 
without  pressure  upon  eyelids),  antidiniming  goggles.  The  increase  in  refrac- 
tive error  or  reduction  of  vision  shown  in  many  of  the  chronic  irritated  eyes 
did  not  respond  to  any  treatment  employed.  The  patient  should  be  referred  to 
a  competent  ophthalmologist  for  appropriate  examinations  and  treatment  for 
these  conditions. 

In  the  treatment  of  the  eye  lesions  the  use  of  argyrol,  silver  and  other  sil- 
ver preparations,  as  w^ell  as  cocaine,  is  considered  unw'ise.  (See  article  on  Oc- 
ular Lesions,  this  Journal,  p.  785.) 

General  Toxic  Action. — No  evidences  of  a  toxic  action  upon  the  internal 
organs  have  been  seen  in  any  of  the  lesions  of  mustard  gas  produced  by  direct 
application  or  by  exposure  to  its  vapor.  Clinical  studies,  as  far  as  carried  out, 
show  increased  blood  urea,  decreased  urea-  and  chloride-output,  decreased 
quantitative  urinary  output,  and  increased  specific  gravity,  with  increased  acid- 
ity. The  toxic  symptoms  observed  could  be  explained  as  the  result  of  the  skin 
destruction,  damage  to  the  respiratory  tract,  secondary  infection,  decubitus,  with 
resulting  absorption,  etc.  In  the  earlier  stages  symptoms  of  severe  shock  may 
be  present.  Treatment  of  these  conditions  should  be  carried  out  according  to 
general  principles. 
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V.   Till-;  I'.i.odh  C'ii(ti,i;sTi;i<(ti,  in  Maijcxant  Diskask  anu  tiii;  I-j-i-kct 

(tl"    IxAlUr.M    ox    'nil",    I'l.ooi)    ClIOl.l'.STl-.KOl,. 
\'>\    Gl'.OKi.lM',    LlDKN,    M.D.,    KoClllvSTKK,    Mixx. 

I 'I'  i>  uni\  dually  ooiKcdcd  llial  tln'  life  (jf  e\ery  cell  in  ihc  body  depends  on 
its  I)lood  su|)])l\.  It  has  repeatedly  been  demonstrated  that  malignant  cells 
are  aberrant  though  lineal  descendants  of  normal  cells'"'  "*-"*•  "*'  ""  and  it  would 
seem  a  foregone  conclusion  that  cells,  like  individuals,  must  be  influenced  by  the 
conditions  under  which  they  exist.  Yet,  strange  as  it  may  seem,  little  at- 
tention has  been  ])aid  to  the  fact  that  the  chemical  composition  of  the  blood 
must  affect  the  cells  as  vitally  as  does  their  blood  supply. 

Compared  with  the  immense  amount  of  work  that  has  been  done  on 
cancer  from  the  cellular  point  of  view,  the  attention  given  to  the  chemical  com- 
position of  the  blood  in  cancer  has  been  woefully  small. ''^  Blood.'"'-  -"•  '*-  ^'^'  ^''  "^ 
Serum.'--  '^'  ^-'  •'■*-  '■'"'  Nevertheless  the  observations  of  Benedict  and  Lewis*  on 
the  increase  oi  the  blood  sugar  content  in  carcinoma,  Menten's'^^  report  on  the 
increased  alkalinit\-  of  the  blood  and  Bloor's''^  work  on  the  blood  lipoids  must 
he  looked  ujton  as  landmarks  in  the  study  of  malignant  disease.  I  am  convinced 
that  physiologic  chemistrx'  will  not  only  explain  the  causation.  l)ut.  eventually, 
find  the  cure  for  cancer. 

In  no  field  of  cancer  research  has  the  chemical  composition  of  the  blood  re- 
ceived less  attention  than  in  radium  therapy.  The  elTect  of  radium  seems  to  have 
been  studied  entirely  from  the  cellular  point  of  view.^"-  ^'-  '^'^'-  '^*  In  Colwell  and 
Russ'  recent  monograph,  for  instance,  data  are  given  on  the  cytolog}'  of  the  blood 
following  radium  treatment,  but  the  chemical  composition  of  the  blood  is 
not  even  mentioned,  although  a  whole  chapter  is  de\oted  to  the  chemical  ac- 
tion of  radium  on  ^•arious  substances. 

Robertson  and  Burnett's''"  publication  on  the  rapid  growth  of  tumor 
transi)lants  in  rats  following  intra\enous  injectinns  of  cholesterol,  first  called 
my  attention  to  the  cholesterol  content  of  the  blood  and  its  possible  relation 
to  malignant  disease.'^  'i'he  idea  that  cholesterol  might  in  some  way  promote 
cell-proliferation  seemed  to  be  sui)ported  by  the  increase  of  the  blood  cholesterol 
in  ])regnancy  and  its  return  to  normal  after  delivery,'' -'•'''"- ''^' "^^  as  well  as 
by  Browdcr's  report  on  the  increased  rate  of  division  in  Paramecium  when 
cholesterol  is  added  to  the  cultin-e  medium. 

B.etween  November,  B'15,  and  December,  1"17,  T  tested  1.069  samples  for 
cholesterol.  This  number  included  1,052  determinations  of  blood  cholesterol 
(human,  goat,  gopher,  and  dog's  blood),   14  determinations  on  foodstuffs  and 


*rrom   the    Mayo    Foundation,    Rocliester.    Minn. 

*Presented   before   tlie  Joint    Session   of   tlie    Feileration    of  American    Societies   of  Experimental    Riol- 
ogy,   Rochester,  Minnesota,  December,   1917. 
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.^  on  liuniaii  \)us.  ( U"  743  blood  sam]»U's  parallel  (Ictcnuinaliims  in  triplicate 
w  (,M\'  made  with  JUoor's  original  method  (  liloor  I  with  sodium  etlnlale)  and 
with  its  motlification  (Indoor  IT  without  sodium  ethylatc )  ,■'"''  making  a  total 
of  4/)58  determinations  with  I'loor's  methods.  The  adxantage  of  these  ])aral- 
lel  determinations,  by  which  the  amount  of  cholesterol  s])lit  jjroducts  ])resent 
in  the  blood  is  revealed,  was  shown  by  2,196  tests  made  on  pathologic  human 
blood,  including  70  miscellaneous  conditions,  41  cases  of  ])ernicious  anemia, 
37  of  exophthalmic  goiter,  3  of  myxedema  tested  18  tunes  at  \arious  intervals 
during  the  administration  of  the  thyroid  hormone  (Kendall's  thyroxin),  79 
determinations  on  my  own  blood  as  normal   c(jntrols  and  during  experimental 
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Fig.  1. — Cholesterol  determinations  made  by  the  writer  from  November,  1915,  to  December,  1917. 
Metliods  used:  Autenrieth-Funlc,  Bloor  I,  II.  Bloor  I,  II  indicates  parallel  determinations  with  both 
methods.  Colorimeters:  Heilige,  Hellige-Duboscq,  Duboscq-Kober.  Hyphenated  designation  of  two 
colorimeters  indicates  parallel  determinations  with  both  instruments.  Samples  used  in  determinations 
are  given  in  margin;  human  tilood,  goat's  blood,  human  pus,  etc.  Fourth  entry  from  the  liottom  has 
been  drawn  in  double  width  on  account  of  the  number  of  determinations  made;   goat's  blood   237. 


diets, "^^  9  cases  of  sarcoma  (16  determinations)  and  92  determinations  on  the 
blood  cholesterol  in  carcinoma  before  and  after  radium  treatment  including  20 
weekly  determinations  on  one  patient  (Figs.  1  and  2).  The  technic  used  in 
my  determinations  has  been  published  previously.''"-  " 

Two  points  should  be  mentioned  in  connection  with  the  technic:  First, 
the  two  types  found  in  human  blood  (Figs.  3  and  4),  to  which  T  called  at- 
tention in  my  second  study  on  cholesterol,-'^  and  which  have  since  also  been 
observed  by  Bloor,*  and  second,  the  value  of  i)arallel  determinations  with  the 
Bloor  I  and  Bloor  II  methods.''" 
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.  l(/r(inl(i(/i-  of  /'(iralli'l  I h'lvniinuitious  7i'////  lUoor  I  mul  II  Methods. — - 
LitscIu'U/.''  ■'  Iias  show  II  lli.it  ccrlain  \>\\v  n.'iIn  and  bile  acid>  arc  cliolesten*! 
split-products.  Tlu-M'  l»iK-  (K-rivativcs  ait-  cliiiiinalcd  in  the  I'loor  I  method 
hy  the  use  of  so(huin  cthylate.  In  the  I'loor  II  method  no  sodium  ethylate  is 
used  and  the  tests  contain  both  cholesterol  and  bile  derivatives.  The  difference 
between  the  liloor  I  and  I'.JoDr  II  tests,  therefore.  re])resents  the  anifnint  of 
bile  deri\atives"'  ])resent  in  the  blood  sample.  .\n  absence  of  difference  be- 
tween the  two  tests,  or  etiual  \ahu-s  b\'  the  I'.loor  I  and  I'.loor  II  methods, 
indicates  sonic  inabilitv  on  the  part  of  the  orj^anism  to  o.xidize  its  bloo.d 
cholesterol  to  bile  deri\ali\e>,  in  other  words,  some  disturbance  of  cholesterol 
nu'labolisni.  In  noinial  blood,  there  is  always  a  difference  between  the  I'loor 
I   ami   r>loor  II   \alues,  but  in  carcinoma  this  difterence  is  absent  in  a  hif(h  per- 
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Fig.  2. — Human  blood,  cholc.itcol  detei  filiations  under  various  conditions.  Wide  bar  denotes 
number  of  determinations  made  on  individual  cases.  Narrow  bar  and  number  in  brackets  denotes 
additional  determinations  on  the  same  person.  Xecropsy:  blood  taken  at  necropsy  at  different  number 
of   hours   after   death,    to   study    effect    of   postmortem    changes.      Cholesterol    values   were    luichanged. 
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centage  of  cases  (53-56  per  cent  in  our  determinations'!  and  we  tind  eipial 
values  with  both  tests.  In  a  series  of  252  determinations  in  nonmalignant  cases 
I  have  not  observed  equal  values;  however,  this  does  not  signify  that  equal  values 
are  to  be  looked  upon  as  unmistakable  diagnostic  evidence.  The  test  for 
cholesterol  in  the  blood  is  a  clinical  test  capable  of  giving  \aluable  information 
but  it  is  not,  unfortunately,  as  so  often  has  been  thought,  a  diagnostic  test. 
It  is  not  expected  that  the  test  for  albumen  in  the  urine,  or  the  hemoglobin 
test  should  furnish  a  conclusive  differential  diagnosis,  nor  should  any  such 
evidence  be  expected  from  the  blood  cholesterol  test.  The  unwarranted  as- 
sumption   that    blood    cholesterol    determinations    should    settle    diagnoses    has 


852 


Tlllv    JOl'UNAl.    Ol-     I.AHOKATOKY     \\I)   CIJNICAI,    MIvDlCINK 


l-ColoriTneler 

Dutioscg 

[.        mm.    3 

\         \         .    A 


7 
8 
9 

-  i-  II 
\'i 
13 
14 
I& 
16 


. g ^._^_  5 _jo. 


(40) 


Rapid  Blood 


25  7» 


Fig.  3. — Tyj^cs  of  reaction  in  cholcstcio!  dctcniuuaticnis  on  luiman  blood.  Rapid  lilood  ripens 
more  quickly   than   cholesterol   standard   test. 

X-X-X-:      Cholesterol    standard   test. 

.  — ■  .  -  .  —  .      Bloor   I    test. 

. .     Bloor  II   test. 

Numbers  in  margin  denote  mm.  on  Duboscq  colorimeter.  Percentage  of  loss  of  original  maximum 
color  value   in   40  minutes  indicated  at   the   end   of  each   curve. 
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Fig.   4. — Slow  Ijlood   ri])ens  more  slowly  than  cholesterol  str.ndard   lest.      (  I';.\planatory   notes   the   same   as   for 

Fig.   3.) 
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(Idiic  iiiui'li  to  (IIni  rc'ilii  ilic  \;iluc  of  ^U(■ll  i Id crmiii.il ii iD-  in  the  eyes  of  clinicians, 
and  \aliialilc  in  tdiiiiatK  m  cMnccrninL,''  niclaliDlic  |iri)l)leni>  must  have  been  lost 
\\\    (.onscciucnrc. 

Cholesterol  I  '(lilies  I'oiiik/  in  1 1  iiiiniii  lUmxL  In  ni}'  ])re\ious  [uihlica- 
tions'"'-  '"'  "  the  values  repoiied  ha\e  been  based  on  the  amount  of  cholesterol 
in  millic^rams  found  in  each  determination  or  lest,  that  is,  in  6  c.c.  of  the 
chloroform  extract  rejiresentinj^  0.3  c.c.  of  whole  l)lood.  The  forej^oing  values 
mi<;ht,  therefore,  i)e  designated  as  "test  values."  Since  a  uniform  terminology 
based  on  mg.  ]ier  100  c.c.  has  been  adopted  for  determinations  of  other  blood 
constituents,  blood  in"ea  and  blood  sugar,  as  well  as   for  blood  cholesterol,  and 
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-Blood  cholesterol  values  gircti  in   numbers  of  cases. 


1.  Total  number  of  cases. 

J.   Total  number  of  cases  with  high  values. 

,^.   Total   number  of  cases  with  increased  values. 

4.   Total  number   of  cases  with  normal  values. 

^^  =  Ivqual   values. 

A.  Relation  of  high,  increased  and  normal  values  in  all  the  determinations  on  carcinoma  (.various 
methods). 

r>.  Relation  of  high,  increased  and  normal  values  in  determinations  on  carcinoma  with  Bloor  I  and 
Bloor  II  methods.     Note  [ireiionderance  of  high  equal  values  in  K.  2. 

C.  Miscellaneous,   nonmalignant   cases,   no   equal   values    (Bloor   I,   II). 

D.  Relation  of  high,  increased,  and  normal  values  in  all  the  determinations  on  carcinoma  before 
radium   treatment    (various  methods). 

E.  Relation  of  high,  increased,  and  normal  values  in  carcinoma  cases  tested  (Bloor  I  and  II.)  before 
radium  treatment.     Note  relative   increase  of  both  high  and   c(inal   values. 

F.  Relation  of  high,  increased,  and  normal  values  in  carcinoma  after  radium  treatment  (tested  with 
Bloor  I,  II).  Clbserve  the  disapiiearance  of  the  equal  values  and  the  great  relative  decrease  of  high  values. 
which  makes  this  diagram   simil;\r  to   diagram   C. 

as  it  is  highly  desirable  that  a  standardized  procedure  for  blood  cholesterol  de- 
terminations should  be  adopted  by  all  workers  in  this  held  of  blood  chemistry, 
the  values   found  in  our  determinations   will   in   future  be  expressed  in   milli- 
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iiraius  i>er  100  cc.  ()iil>.  The  test  values  refened  to  may  be  converted  into 
niillisi-ranis  per  100  c.c.  of  wliole  blood  by  simi)ly  dividing  by  3,  the  values  given 
in  niv  ])revious  ])ublicati()ns.  The  ]')loor  I  method  will  remain  the  basis  of  com- 
l^arison  as  has  been  the  case  in  iire\ious  ])ublicalions.  The  liloor  II  values 
show  much  greater  iluctuations  even  in  the  blood  of  the  same  individual  taken 
at  diiferent  times,  and  the  factors  that  cause  these  fluctuations  are  not  all 
fullv  explained,  since  the  Iluctuations  themsebes  depend  on  the  rate  of  choles- 
terol   metabolism. 
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Fig.  0. — Relation  of  high,  increased  and  normal  blood  cholesterol  values.  (Given  in  percentage  of 
cases.) 

1.  Total  of  determinations  in  percentage  of  cases. 

2.  High  values  in  percentage  of  cases. 

3.  Increased  values   in  percentage   of  cases. 

4.  Normal  values  in  percentage  of  cases.      Equal  values  in  percentage  of  cases. 

A.  Relation  of  values  in  all   the   carcinoma  cases    (various  methods   of  extraction"). 

B.  Percentage  of  equal  values.     Observe  preponderance  of   2   (high  values)    (Bloor   I,   II). 

C.  Miscellaneous,   nonmalignant   cases;    no   equal  values    (Bloor  I,    II). 

D.  Relation   of   values   in   carcinoma  before   radium    treatment    (Bloor   I,    II).      •,       t         /-ii, 

E-  Percentage  of  equal  values  in  carcinoma  before  radium  treatment  (Bloor  I,  II).  Observe  pre- 
ponderance  of   high,    equal   values.  , 

P.  Relation  of  values  in  carcinoma  after  radium  treatment.  Observe  di.sappea'-ance  of  equal  values 
and   the   striking  reduction   of  high  values  which   cause   this   diagram   to   resemble   diagram   C. 


BLOOD    CllOLKSTEROIv    VALUES    WITII    TllE    BLOOR    I    METHOD:       IMILLICRAM     OF 
CHOLESTEROL    PER    100    C.C.    OE    WHOLE    BLOOD 

1.  Normal  values  70-100  mg.  found  in  healthy  persons  on  mixed  diet,  di- 
gestion being  duly  excluded,  in  exophthalmic  goiter  and  in  some  cases  of  sar- 
coma. 

2.  Increased  values  100-140  mg.  found  during  the  process  of  digestion  and 
in  various  more  or  less  ])athologic  conditions. 

3.  High  values  140-200  mg.  found  associated  with  pathologic  conditions  only. 

4.  Unusual  values  over  200  mg.  found  in  cases  of  myxedema,  and  in  some 
cases  of   carcinoma. 

This    classification    of    values    is    based    on    over    2,000    determinations;    it 
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was  a(I(i|ilc(l  toi-  luaclical  ]>miii)-cv  only,  and  rcprcsc-nts  ihe  values  I  have 
()l)S(.'i\c'(l.  l)iil  sliDuld  iKii  lie  Idokcd  on  a>  a  diaj^iiostic  classification,  since  the 
cholesterol  lest  docs  nol  tnrnisli  conclusixc  diaj^Miostic  evidence.  That  higher 
\alnc.s  ha\c  Ixcn  rc|Miiicd  as  noimal  must  he  accounted  t'or  1)\  the  methods 
and  llie  teclinic  hy  which  those  \alues  were  ohtained,  such,  iur  exain|»le,  as 
lea\in^  the  lesls  in  the  dark  for  fifteen  minutes  at  a  relati\'ely  hi^h  tempera- 
lure'-''  '"  and  ])y  the  two  txpes  of  reaction  f<iund  in  human  hlood.  It  is  «)l>vious 
that  if  a  sample  of  "slow"  hlood  is  tested  aj^^ainst  a  "faflinj,'"  standard,  the 
values  ohtained  must  he  relatively  hij^her. 

Blood  i'/iolcstcrol  rallies  in  /'atirnts  Siiffcrlii;/  jrnni  Carcinoma. — High 
walues  are  ^ctuially  found  in  cases  oi  carcinoma:  they  were  found  in  43 
per  cent  of  all  our  cancer  patients  and  in  56  per  cent  of  those  who  were  to 
ha\e  radium  trealnient.  I  am  at  a  loss  to  understand  how  iJenis'''  came 
to  the  conclusion  that  1  had  reported  low  values  in  connection  with  can- 
cer cachexia,  as  this  condition  is  not  even  mentioned  in  the  article  to  which 
they  refer.  Se\-eral  of  our  ]»aticnts,  moreoxer,  with  high  values  showed  dis- 
tinct symptoms  of  cachexia.  lUu  as  the  technic  used  in  cholesterol  deter- 
minations controls  the  values  to  a  considerahle  extent,  a  uniform  technic 
alone  can  assure   comparable  values. 

For  the  sake  of  comparison  with  patients  sutTerin^^-  from  carcinoma,  a 
t^roup  of  70  patients  suffering  with  various  nonmalignant  conditions,  such  as 
tonsillitis,  gastric  disturbances,  biliary  disturbances,  skin  diseases,  malaria,  etc., 
was  tabulated  similarly  to  the  72  cancer  cases.     No  ecjual  values  were  found  in 
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Choi.kstkroi. 

Values  ix  C 

ARCiNOMA    (Cases  DiAoxosEn  Clinically 
AND  Clinically  Only) 

Axn 

Microscopically 

CASKS 

72 

CASES   TESTEIi   WITH    BLOCK   I  AXIJ   11 — 65 

65 

EQIAL  VALUES 

CASES   22  (34%) 

Hisli    values 
Increased  " 
Normal      " 

31   (43%) 
26   (36%) 
15  (20%) 

High    values        24  (37%) 
Increased"           26  (40%) 
Normal     "           15   (23%r) 

24 
26 
15 

cases     13  (54%-) 
4  (15%) 
1  (6.6%) 

Tari.e  1 1 
Carcinoma  Cases  Before  Radium  Treatment 


CASES 


CASES   TESTEII   WITH    BLOOR    1   AND   11- 


High    values 
Increased  " 
Normal      " 


31  (56%o) 
14  (25%o) 
10  (18%) 


High    values 
Increased  " 
Normal     " 


24  (50%r) 
14  (29%) 
10    (20%r) 


48 


EQUAL  VALUES 
CASES     16    {33%c) 


24 
14 
10 


cases  13  (54%-) 
4  (28%) 
1   (10%) 


Taiu.k  hi 
Miscellaneous  Cases,  Pathologic  nuT  Xon.mai.ic.xant 


CASES 


70 


CASES    TESTED    WITH    BLOOR    I    AND    II — 70 


EQUAL  VALUES 
0 


High    values  7   ( 10%r )  High    values  7   (10%-) 

Increased"  29  (41%r)  Increased"  29  (41%-) 

Normal      "  34  (49%f)  Normal     "  34  (49%) 
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llii>  ,ur<>ii|>  and  liiiL^li  \alucs  occurred  in  only  10  per  cent,  increased  and  normal 
\aUu's  hcins;   found  in  41  and  48  per  cent  respectively. 

l\C(hiclioii  of  the  Bloor  I  J 'allies  and  Increase  of  the  Bloor  II  I 'allies  Un- 
der Kad'nnu  'rreatuieiit-  The  influence  of  radium  treatment  on  the  blood  cho- 
lesterol values  is  clearly  shown  by  a  group  of  17  patients  whose  blood  was 
tested  before  and  after  radium  treatment.  In  this  group  there  is  a  marked 
change  in  the  relation  of  high,  increased  and  normal  values.  Whereas  high 
values  preponderate  in  cases  of  carcinoma  before  radium  treatment,  the  per- 
centage of  high  values  is  lowest  of  all  in  this  group  and  the  equal  values  have 
completely  disappeared.     (Figs.  5  and  6.) 

Tahi.iv  IV 
Carcinoma  Cases  After  Kadhtm  Treatment 

cases  17  equal.  VALUES 

^0 

High  values  2  (11%)  0 
Increased"  8  (47%)  0 
Normal      "  7     (41%)     . 0 

All  of  these  cases  were  tested  with  the  Bloor  I  and  Bloor  II  methods. 

That  the  drop  of  the  Bloor  I  values  is  accompanied  by  an  increase  of 
the  Bloor  II  values  resulting  in  an  increased  difference  between  the  values 
found  by  Bloor's  two  methods,  is  gra])hically  illustrated  by  Figs.  7  and  8.  Since, 
as  has  been  previously  pointed  out,  this  difference  is  due  to  bile  derivatives, 
which  must  be  looked  on  as  oxidized  or  changed  cholesterol,^''  it  is  obvious 
that  radium  treatment  in  some  way  accelerates  the  rate  of  cholesterol  metabo- 
lism. Although  the  process  by  which  these  metabolic  changes  are  brought 
about  are  by  no  means  fully  explained,  the  fact  remains  that  the  chemical  com- 
position of  the  blood  is  changed  by  radium  treatment  and  it  seems  probable 
that  the  beneficial  effect  of  radium  in  cases  of  malignancy  may  be  largely  due 
to  this  fact.  In  sarcoma  the  blood  cholesterol  values  appear  to  be  lower  on  the 
whole  than  in  carcinoma,  but  equal  values  were  found  in  2  of  our  9  cases 
(22  per  cent)  and  the  effect  of  radium  on  the  blood  cholesterol  is  identical; 
namely,  a  reduction  of  the  Bloor  I  values  and  an  increased  difference  be- 
tween the  Bloor  I  and  Bloor  II  tests  (Figs.  7  and  8). 

That  the  high  blood  cholesterol  values  observed  in  cases  of  carcinoma  be- 
fore  radium  treatment   can  not   be   due  merely  to   cell   destruction,  as   is   com-' 
monly  believed,   may  be   deduced   from   the    following   facts : 

1.  The  cytolytic  action  of  radium  is  generally  conceded,^^'  ^*'  ''^''  ^''  '°  yet 
radium  treatment  reduces  the  blood  cholesterol  (Bloor  I),  as  has  been  shown, 
instead  of  increasing  it. 

2.  In  ])regnancy  cell  jiroduction  far  outweighs  cell  destruction,  but  the 
blood  cholesterol  of  the  mother  returns  to  normal  shortly  after  delivery,^' -•  ■'' 
10,  (;:i,  CT  although  the  postpartum  involution  of  the  uterus  is  accomj^anic'd  by  a 
considerable  amount  of  cell  destruction  and   reabs()ri)ti()n. 

3.  In  an  0.^;^^:,   during  the  ])rocess  of  hatching,   cell   destruction   can   not    be 
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s;iid   to    I'l-'i.v    ;i    |M(  piiiiiicnt    |>arl,    \n\\    the    Iiij^li    cholotcrol    content    of    the    yolk 
is  u>r(l  l)y  llir  clikk  cnil)!)!)  for  llif  iiiulliplicalion  of  it>  cells.'' 

4.  In  myxedema,  the  disease  par  excellence  of  ttirpid  metabolism,  cell  de- 
struction must  l)c  \cr\  small,  \el  the  Mood  cholesterol  \alues  in  myxedema  are 
unusually  hij^h. 

5.  Jn  exo])hthahnic  i^oiter  (  1  ha\e  tested  35  cases)  the  blood  cholesterol 
values  are  well  within  normal  raui^e,  even  when  basal  metabolism  is  well  nigh 
100  per  cent  above  normal    (l'\g.  *J). 

(k  Cell  destruction  miijht  be  expected  l(j  accompany  increased,  rather  than 
slugjji'isli,  metabolism  \ ct  the  administration  of  the  th}roid  liornifjne  (thyroxin), 
which  raises  the  basal  metabolism  from  subnormal  to  normal  and  above  normal, 
simultaneously  reduces  the  unusually  high  cholesterol  values  in  myxedema  to 
their  normal  level*    (^Figs.   10  and   11  i.     The  metabolic  rate,  therefore,  and  nf)t 


Fig.  7. — Curve  showing  dro[>  of  Bloor  1  laliics  and  ir.crcasc  of  Bioor  11  laiiics  in  carcinoma  after 
radium  treatment.      (6  cases.) 

—  .  —  .     Bloor  I  test. 

. .     P.loor  II  test. 

R  -  radium   treatment. 

T  -  6   mg.   of  thyroxin. 

In  Case  1  the  difference  between  Bloor  I  and  II  is  not  greatly  increased  even  after  radium  treat- 
ment. The  jjatient  has  since  died.  Case  2,  marked  difference  even  before  radium  treatment.  Complete 
cure.  Cases  3,  4,  .^,  and  6  doing  well;  in  Case  4  the  j^resence  of  carcinoma  suggested  by  the  equal  values 
was  confirmed  by  excision  and  microscopic  findings  (Lupus  erythematosus  going  over  into  carcinoma).  In 
Case  (1,   6  mg.   of  thyroxin   was   given   at   patient's   recjuest.      Patient   left    for   South   Africa. 

mere  cell  destruction  would  seem  responsible  for  the  high  blood  cholesterol  values 
that  are  commonly  found  in  carcinoma. 

Aside  from  the  effect  of  radium  on  metabolic  processes  and  thereby  in- 
directly on  the  chemical  composition  of  the  blood,  the  following  considerations 
may  help  to  account  for  the  reduction  of  the  blood  cholesterol  (Bloor  I)  fol- 
lowini'-  radium  treatment.     Schulze  and  W'interstein"-  ha\e  shown  that  choles- 


*In  the  writer's  own  blood  the  Bloor  I  cholesterol  values  were  also  found  to  drop   whenever  experi- 
mental doses  of   thyroxin   were  taken.      Further  experiments  are   in   progress. 
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Fig.  8. — Curve  slioiciiu/.  effect  of  radiiiin  treatment  in  sarcoma.  (4  cases.)  Note  that  the  values 
are  lower  on  the  whole  than  in  carcinoma  and  note  the  reduction  of  the  Bloor  I  with  parallel  increase  of 
the  liloor  II  values,  and  the  disappearance  of  the  erpial  values  after  radium  treatment  in  Case  -t.  Radium 
treatment. 


Fig.  9. — Relation  of  tlie  rale  of  basal  mctalmHsm  and  blood  cliulcsterol  (Bloor  I  'cahies)  in  exoph- 
thalmic goiter.  (35  cases.)  01)serve  that  high  basal  metabolism  and  relatively  low  (normal)  blood  choles- 
terol values  coincide  as  a  whole.  (Jnly  three  cases  exceed  the  "high"  cholesterol  line  (140  mg.) ;  the 
first  case  (from  the  left)  was  a  highly  excitable  patient,  and  could  not  be  induced  to  remain  quiet  during 
the  calorimetric  test,  her  metabolic  rate  contains  an  element  due  muscular  activity;  in  the  two  other  cases 
the   high  cholesterol  values  are  accompanied  by  a  normal   and   slightly  subnormal    metabolic   rate. 
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tcTol  is  oxidi/.cfl  and  disintcj^Matcd  Wy  the  actinii  ot  lij^lit.  It  is  kiiouii  that 
ladiimi  is  |ili((t(iacti\ c.  It  is  ]i(issil)k',  therefore,  that  the  photochemical  ac- 
ti\it\  of  ladiuiii  ma\  cause  the  chaii^cs  ol)served  in  the  cholestenjl  content  of 
llu-  hloiid  after  radium  ircalmcut.  The  increase  of  the  cholesterol  sjjlit  prod- 
ucts in  the  1i1()(m|.  uauieK.  the  increased  dilTereiice  hetween  I'loor  I  and  If, 
supporls   this    interprelatinu. 

If  we  lompare  the  disinli-,<,M-ation  of  cholesterol  in  the  body  {<>  the  com- 
bustion of  fuel  Ii\  fire,  cliaui(ed  or  oxidized  cholesterol  ma}'  he  compared  to 
fuel  that  has  been  consumed  and  thus  rendered  harmless,  whereas  ]>urc,  un- 
chani^'cd  cholesterol  may  he  compared  to  fuel  that  has  not  yet  been  consumed. 
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Fig.  10. — Effect  of  the  administration  of  the  thyroid  hormone  {Kendall's  Thyroxin)  in  myxedema 
(1    case). 

—  .  —  .      Bloor  I  test. 

^^. .     RIoor  II  test. 

T  -  Tliyroxin    15   mg.   at  one  dose. 

Observe  the  decrease  of  tlie  Bloor  I  values  wliicti  runs  parallel  to  the  increase  of  the  rate  of  basal 
nietal)olisni,  and  is  similar  to  the  effect  of  radium  on  the  Bloor  I  values.  That  the  increase  of  the  Bloor 
II  values  is  less  marlced  than  after  radium  treatment  is  probably  due  to  tlie  very  rapid  rate  of  elimination 
during  the  temporary  condition  of  hyperthyroidism  caused  by  the  administration  of  the  thyroid  hormone 
in   myxedema.      Patient    greatly    improved. 


An  accunuilation  of  unconsunied  fuel  contains  in  itself  the  latent  possibility 
of  starting  a  conflagration.  It  is  possible  that,  although  we  know  pure  choles- 
terol promotes  cell  division,  changed  cholesterol  may  fail  to  do  so.  A  high 
])ercentage  of  unchanged  cholesterol,  such  as  is  found  in  carcinoma,  would 
therefore  represent  an  opportunity  for  undue  cell  proliferation  that  is  an  element 
of  danger.     This  danger  appears  to  be  reduced  or  eliminated  by  the  action  of 
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radium  since  it  is  found  thai  tin-  amount  of  fhanj^i-d  (  ])ossil)ly  harmless)  choles- 
terol increases  in  the  blood  as  the  condition  of  the  patient  is  improved  by 
radium   therapy.* 

The  reduction  of  the  blood  cholesterol  \alues  by  the  administration  of 
the  thyroxin  in  myxedema,  however,  can  not  be  looked  upon  as  the  re- 
sult of  photochemical  actixily.  The  thyroid  hormone  is  not  [)hotoactive. 
Nevertheless  the  blood  cholesterol  values  are  lowered  by  the  use  of 
thyroxin  as  well  as  by  radium  treatment.  We  know  that  the  thyroid  hor- 
mone is  capable  of  increasing  the  rate  of  basal  metabolism,  and  Figs.  10  and 
1 1  show  that  increased  metabolism  is  accompanied  by  a  reduction  of  the 
cholesterol  content  (Pdoor  I)  of  the  blood,  similar  to  that  produced  by  radium 


Fig.    11. —  (The    same    as    Fig.    9.)      T  -  thyroxin    S    mg.    at    each    dose.      Patient    went    home    perfectly    well. 

treatment.  This  fact,  whatever  the  chemical  or  physiologic  process  to  which 
it  is  due  may  prove  to  be,  shows  that  the  efifect  of  thyroxin  on  the  chemical 
composition  of  the  blood  is  similar  to  that  of  radium.  It  also  suggests  that, 
since  the  beneficial  effects  of  radium  therapy  are  well  known,  the  condition  of 
patients  suffering  from  carcinoma  may  be  improved  by  the  administration  of 
thyroid  hormone.     The  relation  of  thyroid  activity  to  the  development  of  car- 


*Shortly  after  this  paper  was  read,  T.  Brailsford  Robertson  pulilisheil  his  observations  on  cholesterol 
derivatives,  which  appear  to  confirm  the  above  inter|)retation.  (Journal  of  Cancer  Rescanli,  1918,  iii,  74-90.) 
Robertson  found  that  by  substituting  the  Oil  group  of  the  hydroxybenzol  radical  in  the  cholesterol  mole- 
cule he  obtainetl  substances  which  did  not  accelerate  the  growth  of  tumor  grafts,  whereas  he  had  demon- 
strated previously  that  the  unchanged  cholesterol  molecule  was  capable  of  so  doing.  Ilis  conclusion  should 
be  read  in  the  original  article  as  it  is  impossible  to  do  justice  to  the  importance  of  his  observations  in  this 
brief   reference  to   them. 
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cinoma  has  often  ht-cn  (li>cu>>(.'(l,'-  bill  so  far  as  I  am  aware,  the  influence 
of  thyroid  acli\ity  on  the  choleslert;!  content  (;f  the  blo(j(l  has  not  been  taken 
into  consideration  in  relation  to  cancer.  The  follouinj^  facts  are  noteworthy, 
liowever:  I'ourleen  cases  of  spontaneous  reco\ery  from  cancer  in  man  have 
been  reported  Ijy  Gaylord  and  Clowes"'  and  two  similar  cases  have  occurred 
to  my  knowledge*  (a  microsc(jpic  (haj^nosis  was  made  in  every  instance;. 
The  patients  in  question  had  been  pronounced  "hopeless  cases"  and  received 
no  further  treatment.  Nevertheless  their  condition  improved  to  such  an  ex- 
lint  that  they  could  be  looked  upon  as  "cured"  fnjm  a  clinical  as  well  as  from 
a  practical  point  of  view.  The  deduction  seems  admissible  that  these  patients 
were  able  in  some  way  to  recover  their  metabolic  balance,  notwithstanding 
the  fact  that  there  api)earcd  to  be  no  hcjpe  for  them.  We  know  that  in  the 
majority  of  instances  carcinoma  occurs  when  the  first  vigor  of  youth  is  past, 
and  when  metabolism  in  general  tends  to  become  sluggish;  when  the  body,  in 
fact,  might  be  compared  to  a  badh'  burning  fire.  The  decrease  of  metabolic 
activity,  caused  or  accompanied  by  a  decreased  functional  activity  of  certain 
glands,  is  likely  to  result  in  the  retarded  combustion  of  the  substances  that 
are  taken  in  with  the  food.  It  has  been  shown  that  the  cholesterol  content 
of  the  blood  can  be  increased  and  reduced  at  will  by  the  composition  of  the 
diet.'*^  The  administration  of  a  hormone  which  is  known  to  increase  the 
metabolic  rate  might  therefore  pro\ide  the  stimulus  which  the  body  itself  is 
incapable  of  supplying  and  by  increasing  metabolism  assist  the  body  in  re- 
covering its  balance  of  health.  If  in  sixteen  cases  the  human  body  has  proved 
itself  equal  to  this  task  without  assistance  it  might  be  able  to  do  so  in  others 
with  the  right  kind  of  assistance.  The  deduction  seems  logical ;  time  alone 
can  show^  if  it  is  correct.. 

SUMitARY 

Cholesterol  promotes  cell  multiplication ;  high  blood  cholesterol  values  must, 
therefore,  further  malignant  growth.  High  blood  cholesterol  values  are  com- 
monly found  in  carcinc^ma.  Radium  treatment  and  the  administration  of  the 
thyroid  hormone  both  reduce  the  cholesterol  content  (Bloor  I)  of  the  blood, 
and  increase  the  amount  of  changed  cholesterol  in  the  blood  (namely,  the  dif- 
ference between  the  Bloor  I  and  II  values).  The  high  cholesterol  values  in 
myxedema  are  brought  down  to  normal  by  the  administration  of  the  thyroid 
hormone  at  a  rate  parallel  to  the  rise  in  basal  metabolism  induced  by  the  latter. 

COXCLUSIOXS 

1.  The  test  for  cholesterol  in  the  blood  is  not  a  diagnostic  but  merely  a 
clinical  test  giving  valuable  information  concerning  cholesterol  metabolism. 

2.  The  high  cholesterol  ^■alues  connnonly  found  in  carcinoma  are  not  due 


*One  was  an  inoperable  case  of  pelvic  carcinoma,  in  which  the  cancer  was  found  to  have  disappeared 
several  years  later  at  an  emergency  laparotomy  by  Kiimmel  (personal  communication  by  H.  R.  Gaylord*; 
the  other  a  case  of  sarcoma  of  the  stomach,  the  patient  operated  on  at  the  Brooklyln  Hospital,  Xew  \  orTc, 
in  1908.  The  patient  was  not  expected  td  live  beyond  two  years  but  is  well  and  active  today.  His  history 
will  be  reported  when  the  details  of  the  case  have  been  obtained.  In  both  cases  a  microscopic  diagnosis 
was  made.  H.  R.  Gaylord  expressed  the  opinion  that  spontaneous  recovery  from  carcinoma  would  not  be 
found  as  uncommon  as  is  generally  believed,   if  surgeons  were  able   to   keep  track  of  all   their  patients. 
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to  crll  (Icslniclion.  siiuc  ihcy  arc  reduced  1)\-  raduiin  Ircatincnt,  although  ra- 
(huin  causes  cell  destruction;  they  must  therefore  he  due  to  a  disturl)ance  of 
cholesterol   nietaholism. 

3.  The  disturbance  of  cholesterol  nu'taholisni  may  he  hut  an  evidence  of 
a  subnormal  rate  of  basal  metabolism,  since  the  hi^h  cholesterol  values  in 
myxedema  are  reduced  by  the  administration  of  the  thyroid  hormone  (thy- 
roxin)   by   which   the   rate  of   basal   metabolism   is   i,n-eatly   increased. 

4.  The  disturbance  of  cholesterol  metabolism  in  carcinoma  is  revealed  by 
the  absence  of  changed  cholesterol  or  cholesterol  s])lit  i)roducts  in  the  blood 
of  a  high  percentage  of  cancer  patients,  as  is  shown  by  the  lack  of  a  difference 
between  the  cholesterol  values  obtained  by  the  Bloor  I  and  ]^)loor  II  methods, 
since  the  writer  constantly  found  such  a  difference  in  normal  blood  and  in 
pathologic  but  nonmalignant  conditions. 

5.  Radium  treatment  l)y  reducing  the  unchanged  cholesterol  (Bloor  I 
values)  and  increasing  the  changed  cholesterol  (difference  between  Bloor  I 
and  II  values)  aft'ects  the  chemical  composition  of  the  blood;  a  fact  that  has  not 
hitherto  been  taken  into  account.  Init  which  may  play  an  important  part  in  the 
beneficial  eft'ect  of  radium  therapy. 

6.  Thyroxin  aft'ects  the  blood  cholesterol  values  in  a  manner  similar  to  that 
of  radium  and  may  therefore  also  be  expected  to  improve  the  condition  of  patients 
suft'ering  from  carcinoma.  Careful  investigation  will,  howexer,  be  needed  be- 
fore definite  conclusions  can  be  drawn  concerning  the  effect  of  thyroxin  on 
carcinoma  as  various  metabolic  factors  may  have  to  be  taken  into  account. 
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LABORATORY  METHODS 


NOTK  OX  MKTllODS  F()|{  1'1{K1'AKL\(.  ISOAMM.    1S()\  AI.KPvATK  :   A 
SATISFACTORY  SUBSTANCE  TO  IMiEV'KXr  FOAMINf. 

\\\  C.  H.  FiSKi- 

Tlllv  uiia\ailaliility  of  caprylic  alcohol  at  the  present  time  makes  it  desirable 
that  simply  jncparcd  substitutes  should  be  described.  Isoamyl  isovalerate 
is  o(|ually  as  cthcacious  as  capr\lic  alcohol,  and  can  be  prei)ared  by  the  follow- 
ing nu'thods.-   7. /.  R.  Maclcod. 

i-"iRST  .mi-;thod 

To  35  c.c.  commercial  iso\alcric  acid  add  4  gm.  anhydrous  calcium  chloride, 
v^hake  the  mi.xturc  until  it  has  separated  into  two  la\ers,  and  most  of  the  cal- 
cium chloride  has  dissolved.  The  greater  part  of  the  w'ater  is  in  this  way  re- 
mo\ed.  Decant  ofif  the  upper  layer,  and  transfer  28  c.c.  of  this  to  an  Erlen- 
mexer  Hask,  of  about  200  c.c.  capacity,  containing  a  few  glass  beads.  Add  30 
c.c.  isoamyl  alcohol,  and  1  c.c.  concentrated  sulphuric  acid.  Connect  the  flask 
with  a  reflux  condenser,  and  Ijoil  for  one  hour  over  a  wire-gauze.  Cool,  trans- 
fer to  a  separatory  fumiel,  and  draw  off  the  lower  layer.  To  the  upper  layer 
add  water,  and  shake  the  mixture  thorouglily  with  solid  sodium  carbonate,  until 
a  sample  of  the  aqueous  layer,  drawn  off  through  the  stem,  is  found  to  be  al- 
kaline to  phenolphthalcin.  v^eparate  again,  and  remove  the  excess  sodium  car- 
bonate by  washing  with  water.  After  drawing  ofif  the  final  wash-water  (which 
should  not  be  alkaline  to  phcnolphthaleinV.  filter  the  residual  liquid.  The  filtrate 
is  then  ready  for  use.  It  will,  howcx'cr,  keep  better  if  dried  with  calcium 
chloride  and  distilled. 

SKCOXD   ^[E;THOD 

Dissolve  50  gm.  potassium  dichroniatc  in  200  c.c.  boiling  water.  Cool  under 
the  tap,  with  constant  shaking.  The  greater  part  of  the  dichromate  will  separate 
out  in  small  crystals.  Add  50  c.c.  isoamyl  alcohol.  W  bile  the  mixture  is  kept 
constantly  agitated  under  the  tap,  now  add  70  c.c.  concentrated  sulphuric  acid, 
at  such  a  rate  that  the  temperature  does  not  rise  above  30'\  Let  stand  at  room 
temperature  overnight,  v^eparate  the  two  layers,  transferring  the  upper  one  to  a 
500  c.c.  distilling  flask.  Add  200  c.c.  water,  and  distill  through  a  water-cooled 
condenser,  until  all  of  the  ester  has  come  o\"er.  Xeutralize  the  distillate  with 
sodium  carbonate,  wa'^h  with  v>ater,  etc.,  as  in  the  tirst  method. 
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EDITORIALS 


With  the  American  Red  Cross  at  the  Front 

ARM  and  leg  wounds  compose  a  large  majority  of  the  injuries  received  in 
battle,  hence  there  is  an  enormous  demand  for  splints — a  framework  upon 
which  the  injured  member  may  rest  in  the  most  comfortable  position. 

Contrary  to  the  layman's  preconceived  opinion  of  a  splint,  it  is  not  a  piece 
of  wood,  but,  for  the  use  of  the  American  Army,  is  of  steel  framework  with 
leather  and  felt  i)adding.  And  most  of  them  are  of  ingenious  invention,  being 
far  from  simple  affairs.  The  types  are  almost  as  numerous  as  the  injuries  for 
which  they  are  made  to  aid  in  healing. 

The  American  Red  Cross  has  taken  over  the  job  of  sup|)l\ing  all  s])lints  to 
the  American  Ex])editionary  Forces,  and  in  the  vernacular  of  the  streets,  it  is 
"some  job."  The  demand  for  these  particular  articles  is  increasing  at  a  great 
rate  due  to  the  increasing  activltv  of  .\mcrican  troojis  on  the  lialtle   front. 

To  meet  this  demand  the  Red  Cross  has  established  a  splint  manufactur- 
ing plant  of  its  own  in  a  large  French  town  not  far  from  the  battle  front. 
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Fig. 


The  new  adjustable  abduc- 
tion arm  splint  for  use  in  base 
hospitals  in  arm  fractures  for 
tlie  perfection  of  wliich  the 
American  Red  Cross  splint  de- 
partment has  been  largely  re- 
sponsible. The  advantages  of 
this  splint  are  that  it  can  be 
used  for  cither  arm  and  can  be 
adjusted   to  any   position. 
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WliiU'  ilu'  splint  conslniclion  is  iKjt  coiiiplicatcd,  il  must  l)e  exceedingly 
careful  and  delicate,  'i'he  splints  that  tit  on  the  upper  portion  of  the  leg  or 
arm  must  be  carefully  i)added  with  felt  and  sheepskin.  This  work  is  done  by 
French  women  and  by  hand. 

Most  of  the  leg  and  arm  splints  are  made  of  steel  rods  bent  in  the  shape 
of  a  U  and  are  about  four  feet  in  length.  They  taper  from  the  bottom  u]i  to 
the  to])  where  a  semi-circular  steel  rod,  attached  to  each  end  of  the  U  by  a 
hinge,  is  padded  well  and  attached.  Upon  the  padded  part  rest  the  thigh  or 
shoulder  of  the  injured  member.  The  wounded  or  broken  leg  or  arm  is  ban- 
daged between  the  two  sides  of  the  U.  The  bottom  of  the  U  is  dented  in  or- 
der that  a  bandage  may  be  attached  to  the  bottom  of  the  splint  and  the  injured 
member  for  the  purpose  of  pulling  or  applying  the  necessary  weight  to  force 
the  broken  bones  or  torn  muscles  into  place.  Tt  also  serves  to  attach  the  splint 
to  the  foot  of  a  bed  or  the  front  of  an  ambulance  so  that  the  wounded  leg  or 
arm  mav  be  elevated  to  an\'  ])ositi()n  which  will  give  the  greatest  comfort  to  the 
suiTerer. 

There  are  numerous  Aariations  of  this  basic  s])lint.  Some  have  a  hinge  in 
the  center  of  both  sides  of  the  U,  so  that  an  injured  leg  or  arm  may  be  bent 
at  the  knee  or  elbow  and  bound  into  position.  Some  have  a  hand  rest  at  the 
end,  b}-  which  the  hand  may  be  bandaged  into  an  immovable  position,  so  that 
injured  muscles  will  not  be  moved  by  unconscious  effort.  Then  there  is  the  U 
splint  with  an  unmovable  padded  steel  circle  at  the  top,  which  fits  close  to  the 
leg  or  shoulder  crotch.  A  splint  of  this  type  is  also  made  with  hinges  so  that 
the  arm  or  leg.  stretched  straight  and  fast,  ma}-  i)e  moved  at  the  thigh  or  shoulder. 
There  are  small  wire  splints  for  the  foot,  the  hand  and  the  wrist. 

All  of  them  are  made  by  hand  in  this  factory,  because  of  the  lack  of  ma- 
chinery. E\en  the  welding  and  varnishing  of  the  steel  and  wire,  as  well  as  the 
nickeling,  is  done  in  the  Red  Cross  factory. 

This  is  onl}'  one  of  the  many  activities  from  which  the  American  Red 
Cross  has  relieved  the  Army.  During  the  past  few  months  the  Red  Cross  has 
been  forced  to  let  contracts  to  various  private  manufacturers  to  furnish  a  suf- 
ficient supply  of  these  necessary  hospital  appliances.  But  with  the  growth  of  its 
organization,  it  has  established  its  own  manufactory  in  the  war  zone  of  France, 
in  order  that  there  may  be  fewer  transportation  delays  and  better  service  in 
the  work  of  relieving  as  much  suff'ering  as  possible  among  American  wounded. 
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By  George  R.  Hekrmaxx,  r^I.S.,  ]\I.D.,  Axx  Arbor,  Michigax 


IX  the  rapidly  accumulating  mass  of  literature  on  war  gassing  there  are  prac- 
tically no  reports  on  the  clinical  laboratory  aspects  of  the  condition.  Even 
the  most  ordinary  routine  examinations  as  practiced  daily  in  the  smallest  civil- 
ian hospital  are  unrecorded  in  the  clinical  reports  on  gassing  sent  from  the 
front.  Occasionally  in  the  French  reports  some  fragmentary  laborator}^  obser- 
vation is  included.  Mandel  and  Gibson\.  speaking  of  the  complications  of  mus- 
tard gas  poisoning  say  that  albuminuria  is  not  uncommon,  but  that  true  nephri- 
tis has  been  rare  in  their  experience.  They  comment  that  this  is  remarkable 
considering  the  frequent  extensive  burns  of  skin  and  mucous  membranes. 
Pissarello-  reports  that  in  his  series  of  sixty  cases  the  urine  was  always  negative 
to  tests  for  sugar  and  albumin.  If  the  observations  on  the  urinary  changes  are 
few,  as  shown  by  the  preceding,  those  on  the  blood  changes  are  still  more  rare. 
Miller"  has  recorded  observations  on  the  blood  changes  found  in  the  more  or 
less  chronic  stages  of  gassed  cases;  and,  although  not  specifically  stated,  some 
of  these  may  have  been  cases  of  mustard  gas  poisoning.  The  exigencies  of 
field  and  camp,  of  the  field  and  base  hospital,  in  the  active  sectors  where  cases 
of  gassing  would  be  met,  have  undoubtedly-  been  such  as  to  necessitate  a  sacri- 
fice of  the  laboratory  aspects  of  the  ciMidition.  Further,  the  lack  of  complete 
laboratory  facilities  for  the  routine  and  special  examinations,  as  well  as  of 
trained  laboratory  workers,  would  discourage  attempts  in  this  line  of  research. 
Through  the  cooperation  of  Captain  Lester  Roos.  and  at  the  request  of  Doc- 
tor A.  S.  ^^■arthin  an  opportunity  was  afforded  me  of  making  observations  upon 

*From   the    Pathological   Laboratory    of   the    University    of   ^richigan.    -Ann    Arbor.    Michigan. 
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the  Mood  and  urinary  cliani^cs  in  a  series  of  cases  gassed  willi  mustard  jjjas. 
In  thirty  cases,  we  were  fortunate  in  havin^  a  very  interesting  variety  from  the 
most  severe  types,  those  which  resulted  fatally,  to  those  showing  only  the 
slightest  lesions  such  as  the  most  mild  type  of  conjunctivitis.  Nine  of  the  se- 
vere cases,  on  whom  the  ohservations  were  fairly  complete,  and  a  tenth  group 
of  the  mild  cases,  will  he  reported  at  this  time.  The  latter  suffered  only  from 
conjunctivitis  and  minor  hums  of  the  hands  and  fingers,  and  time  did  not 
permit  any  extensive  study  of  this  type  of  case.  Unfortunately,  our  cases  were 
not  accessihle  until  the  tenth  day  after  the  gassing,  and  then  no  clinical  lahora- 
tory  was  at  hand  in  which  our  work  could  be  carried  out.  Further,  the  more 
or  less  inaccessibility  of  the  camp  made  the  organization  and  maintenance  of 
the  laboratory  a  problem.  The  lack  of  adequate  assistance  during  the  emer- 
gency also  rendered  it  im[)ossib]e  for  us  to  do  the  laboratory  work  as  complete- 
ly as  we  had  hoped.  Nevertheless,  we  succeeded  in  getting  a  fairly  complete 
record  of  the  disturbances  of  function  in  the  severe  cases.  The  results  de- 
termined the  management  and  application  of  therapeutic  measures,  and  the 
favorable  effects  of  the  instituted  treatment  were  likewise  noted.  Another  en- 
couraging feature  of  this  work  is  the  definite  and  constant  regularity  of  the  re- 
sults. The  step-like  gradation  in  the  severity  of  the  cases  finds  a  parallel  in  the 
results  of  the  various  laboratory  examinations ;  and  the  changes  in  the  blood  and 
urine  show  a  gradual  improvement,  uniformly,  under  the  adopted  methods  of 
treatment. 

THE   laboratory   tests    AND    METHODS    EMPLOYED 

The  laboratory  work  was  carried  out  according  to  the  routine  methods  of  any  well-regu- 
lated hospital.  Daily  complete  24-hour  urine  specimens  were  collected  in  clean,  well 
corked,  dark  glass,  two  liter  bottles,  each  patient  having  his  own  bottle  throughout  the 
period  in  the  hospital.  The  urine  samples  were  examined  daily.  The  specimen  was 
measured  and  mixed  in  a  graduated  glass  cylinder.  The  physical  characteristics  of 
the  urine  were  noted  and  the  reaction  to  red  and  blue  litmus  paper  was  determined.  The 
specific  gravity  was  taken  with  a  urinometer  graduated  for  work  at  room  temperature.  A 
sample  of  urine  was  tested  for  reducing  substances,  especially  glucose,  with  Fehling's  so- 
lution. The  specimens  were  very  carefully  examined  for  albumin,  routinely,  by  the 
Heller's  fuming  nitric  acid  ring  test,  and  the  acetic  acid  (8  per  cent)  and  potassium  fer- 
rocyanide  method.  In  many  instances,  and  especially,  if  there  was  any  question  as  to 
the  reaction,  the  heat  and  nitric  acid,  and  the  heat  and  acetic  acid  (3  per  cent)  tests, 
were  used.  The  dilute  ferric  chloride  test  for  the  heat  labile.  Burgundy-red  reaction  of 
diacetic  acid,  as  the  index  of  acidosis,  was  carried  out  for  some  time  in  each  case. 

An  estimate  of  the  renal  function  or  efficiency  was  obtained  by  the  quantitative  per- 
centage determination  of  urea  and  sodium  chloride,  and  the  calculation  of  the  daily  24- 
hour  output  of  these  substances,  in  the  daily  24-hour  urinary  excretion. 

The  quantitative  urine  urea  was  determined  in  each  case  by  the  method  of  Marshall 
and  Van  Slyke  in  which  urease,  the  urea  splitting  enzyme,  obtained  from  the  soy  bean,  is 
used  to  hydrolyze  the  urea  and  yield  ammonia.*'  ^-  ^-  '■  The  quantitative  urine  chloride 
estimations  were  made  by  the  modified  Volhard's  method,  in  which  the  albumin-free  urine 
is  titrated  against  a  solution  of  silver  nitrate,  containing  29.06  grams  per  liter,  1  c.c. 
of  this  solution,  corresponding  to  0.01  grams  of  soduim  chloride.  The  ammonium  thio- 
cyanate  solution  used  to  estimate  the  excess  of  the  AgNOa  solution  used  by  titration  was 
of  such  a  strength  that  2  c.c.  neutralized  1  c.c.  of  the  silver  nitrate  solution.  The  nitric 
acid  and  iron   salt  indicator  was  used.""'  ■'"''  '"•  "• 

A  few  of  the  special  examinations  and  tests  were  made  on  the  urines.  The  diazo 
reaction  of  Ehrlich  with  sulphanilic  hydrochloric  acid  and  sodium  nitrite  was  tried  regu- 
larly for  a  part  of  the  course  of  each  case.  Likewise  a  test  for  urobilinogen  with  para- 
dimethylamino-benzaldehyde  was  carried  out  fairly  routinely,  as  long  as  the  reagent  was 
at  hand.  The  bromine  water  oxidizing  method  was  used  in  the  examination  of  the  urine 
for  melanin.     Gmclin's  nitric  acid  test  and  the   foam  test   for  bile  pigments  were  employed 
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ill  c';uli  case.  i'csicKs  this  inniiilcU'  (lu-miial  cxaiiiiiiatinii  ilio  criitri  I'lij^atcd  >cflim<.'iit  of  the 
\iriiu'   was   icmilarK    ami   rai'ctulls    cxaiiiiiu'd   microscopically. 

'i'lu'  iuiu iiiiiKii  itii(  iciK  >  (it  llic  kidiK-js  was  further  determined  Ijy  estimating  the 
percentage  of  phenolsiilpii'>iiei)liliialeiii  lliaf  was  excreted,  when  the  Rowntrec  and  Ger- 
a.uhty  renal  functional  test  was  applied,  'i'lic  quantitative  estimations  were  made  with  a 
l)uniiin;<  coloriimUr.  I'li  fortunately,  tiic  j)lienolsulphoncphtiialein  and  the  colorimeter  appa- 
ratus couli!   im;   \<v  olitaiued   until   late,   that  is,   when   the  patients   were  convalescing. 

Another  index  of  the  stcrctciry  aliilitv  of  the  kidney  was  determined  hy  the  estima- 
tion of  the  quantity  of  uwa  in  llu-  IiIihmI.  \'an  Slvke's  modification  of  Marshall's  ureasc 
metliod  was  employed  in  this  indcrdiire  a-  it  liad  heeii  in  the  case  of  the  urine  urea  deter- 
minations. The  usual  eiumuratii  >n  of  red  and  wiiite  l>lood  cells,  differential  counting?  of  the 
leucocytes  and  estimation  n|  thi'  iiemoglobin  were  carried  out.  The  red  and  white  Mood 
cells  were  counted  in  a  Thoma-Zeiss  hemacytometer.  The  hemoglobin  was  estimated 
hy  a  Oowcr-Sahli  hemoglohinomcter  and  a  Talhjuist  scale.  Cover-glass  hlood  smears  were 
made  and  the  preparations  were  stained  with  Wright's  hlood  stain  ff)r  differential  counting. 
The  sputum  and  stools  were  examined  when  indicated. 

Culture  media  were  not  at  hand  for  a  complete  bacteriologic  examination  in  these 
cases.  Jn  the  marked  stage  of  secondary  furunculosis,  many  smears  from  very  young  fur- 
uncles and  also  smears  of  tlic  pus  in  the  m  >re  mature  lesions  were  made  and  stained  with 
various   staining   solutions. 

THK   CASES 

The  material  has  been  arranged  and  is  presented  according  to  tlie  severity 
of  the  cases.  Beginning  with  Case  T,  the  most  severe,  each  succeeding  case,  in 
order,  is  less  severe  down  through  the  nine  cases.  The  seven  severe  cases  were 
all  gassed  on  the  same  day,  June  27,  but  were  seen  for  the  first  time  by  an  army 
medical  man  on  Jul}-  4.  In  Case  Group  No.  X  all  four  niembers  of  which  are 
very  mild,  this  same  order  is  maintained;  Case  X-A  being  the  most  severe  of 
that  group,  and  the  last  case  practically  an  untouched  individual,  who  had  been 
with  the  other  men,  but  who  was  apparently  unsusceptible  to  the  concentra- 
tions to  which  the  other  men  had  reacted.  The  remainder  of  the  thirty  cases 
were  similarly  very  mild  and  the  laboratory  examinations  revealed  no  depar- 
tures from  the  normal. 

The  blood  pressure  readings  were  not  made,  because  the  severe  skin  burns 
and  especially  the  deep  ulcerations  in  the  bends  of  the  elbows,  made  the  proce- 
dure too  painful  in  the  more  serious  cases  and  it  was  not  considei'ed  worth 
while    in    the    mild   ones. 

The  temperature,  pulse  and  resiiiration  tables  for  each  case  are  followed  by 
the  laboratorv  data  of  the  changes  in  the  urine,  blood  urea  and  blood,  with 
other  special  examinations  according  to  the  indications. 

Cask  I. — Patient  had  been  severely  gassed  ten  days  before  and  was  moribund 
when  the  blood  specimen  was  taken.  Death  occurred  nine  hours  later.  Almost 
the  entire  skin  surface  was  invohed ;  secondary  infection  was  marked,  and  a 
foul-smelling  gangrenous  layer,  saturated  with  pus.  covered  the  body. 
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T. 

P. 

R. 

June  27 

7:30  i>.M. 

97.6 

90  (?) 

20  (?) 

Tunc  28 

98.5 

99  (?) 

20  (?) 

Tunc  29 

98.8 

99  (?) 

20  (?) 

lunc  30 

99.8 

104  (?) 

20  (?) 

Tulv      1 

A.M. 

100. 

105  (?) 

20  (?) 

July      2 

A.M. 

98.2 

87  (?) 

20  (?) 

P.M. 

102. 

152 

28 

July     3 

6:00  A.M. 

124 

12:00     M. 

100.6 

110 

28  (?) 

6:00    P.M. 

102.8 

128 

28  (?) 
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July      4 
July      5 

July      6 


July      7 


T. 

1'. 

R. 

A.M. 

101.6 

1.58 

28  (?) 

P.M. 

103.2 

1.50 

28  (?) 

A.  M 

104 

140 

26 

4:00  P.M. 

103.6 

152 

26 

9:00  P.M. 

104 

lh2 

28 

8:00  A.M. 

103 

140 

28 

12  :()0     M. 

103 

142 

28 

4:00   p.^[. 

102.4 

136 

24 

7:45    P.M. 

KK) 

136 

28 

10:15    P.M. 

101 

136 

32 

2:00  A.M. 

1C0.2 

140 

28 

Urine  and  Blood  Uri;a 


PHYSICAL  AND 

CHEMICAL 

SUGAR 

ACIDOSIS 

RENAL 

DIAZO 

CHARACTERISTICS 

GLUCOSE   ALBUMIN 

DIACETIC 

FUNCTIONAL 

SUB. 

PIGMENTS 

OF  THE  URINE 

ACID 

EFFICIENCY 

July 


60  c.c.    P.M.*   Acid   1020     Xeg.     Pes.     Pos.     Neg. 

(Anuria**) 


BLOOD    UREA    P.M. 

7  .1104  gm.   Urea  per   100  c.c. 

7  COLOR  OF  URINE  URINARY  SEDIMENT 

Dirty  yellow.  Great    showers    of    granular    casts.      Many    fragmented    casts.      Much 

Turbid.  debris.     Masses  of  epithelial  cells  (bladder  and  few  renal).     I,eucocytes. 

Clusters    of   red   blood    cells.      Amorphous   urates. 

*P.M.      ]!ladder  urine  postmortem. 
**Patient  practically   had   had   anuria   during  the   last   twenty-four   hours   of   life. 


Blood 

Erythrocvte  count, 

3,650,000 

Hemoglobin, 

70% 

White   cell   count, 

13,200 

Differential  White  Count 

Polynuciear? 

Neutrophile 

88% 

Eosinophile 

4% 

Lvmphocvtes 

Large 

1% 

Small 

2% 

Transitionals 

2% 

Myelocytes,   Neutropl 

lile 

3% 

The  blood  platelets 

were 

not  increased. 

The  red 

cells    show   no   changes. 

No  nucleated 

red  cells   were 

found. 

Case  II. — This  was  likewise  a  case  of  very  severe  gassing.  The  first  blood 
count  was  made  eleven  days  after  being  gassed.  At  that  time  there  w-as  a  dif- 
fuse suppurative  gangrenous  process  resulting  from  an  extreme  secondary  in- 
fection of  the  necrosing  skin.  Active  measures  were  taken  to  lessen  the  degree 
of  the  pyogenic  process.  The  last  blood  count  was  done  on  the  day  of  his 
death,  four  weeks  after  gassing. 
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T. 

p. 

R. 

J  line 

30 

98. 

72 

20 

July 

1 

100.4 

105 

24 

July 

-> 

A.M. 

98.6 

SO 

20 

P.M. 

98.8 

100 

18 

July 

3 

A.M. 

100.6 

112 

24 

P.M. 

100.8 

110 

20 

Julv 

4 

A.M. 

102.6 

100 

20  ( 

J  Illy 

5 

5:00  A.M. 

102.6 

1.58 

32 

4:00  i-.M. 

103.6 

\(i) 

3Z  ( 

9:00  P.M. 

103. 

1.^2 

34 

July 

6 

4:00   A.M 

103. 

148 

32 

12:00     M. 

103. 

1.50 

32  ( 

4:00  P.M. 

101. 

152 

28 

5:45  P.M. 

103.6 

152 

28 

July 

7 

4:30  A.M. 

102.2 

148 

36 

7:00  A.M. 

102. 

148 

38 

1:00  P.M. 

102.2 

140 

36  ( 

4:30  P.M. 

101.6 

150 

36 

8:30  P.M. 

102.4 

152 

38 

10:30  P.M. 

100. 

1.50 

34 

July 

8 

4:00  A.M. 

102.6 

152 

36 

8:00  A.M. 

103. 

135 

36 

1:00  P.M. 

102.2 

138 

38 

4:00  P.M. 

100. 

136 

36 

8:00  P.^t. 

103.4 

140 

38 

July 

9 

4:00  A.M. 

101.6 

148 

38 

7:30  A.M. 

100.8 

148 

38 

12:00    M. 

100.2 

116 

28 

4:00  P.M. 

100.8 

104 

30 

8:00  P.M. 

100.4 

120 

32 

12:00  P.M. 

100.5 

122 

32 

July 

10 

4:00  A.M. 

1C0.6 

118 

30 

8:00  A.M. 

100.6 

128 

32 

12:00    M. 

100.4 

120 

30 

4:00  P.M. 

101. 

130 

30 

7:45  P.M. 

102.4 

128 

27 

12:00  P.M. 

101.2 

122 

28 

Julv 

11 

4:00  A.M. 

100.8 

126 

25 

J  *-*    - 

12:00    M. 

101. 

136 

36 

4:00  P.M. 

103. 

130 

32 

7:00  P.M. 

101. 

8:30  p.M 

99. 

120 

26 

Jul\ 

12 

12:30  .\.M. 

99.4 

133 

28 

4:00  A.M. 

99.2 

120 

26 

8:00  A.M. 

•100.8 

106 

30 

10:00  A.M. 

101.2 

12:00    M. 

108.8 

126 

26 

3:00  P.M. 

100.4 

4:00  P.M. 

102.3 

130 

34 

5:30  P.M. 

100.4 

Jul} 

,•  13 

1:30  A.^[. 

101. 

120 

5:00  A.M. 

102.4 

124 

7:00  A.M. 

100. 

118 

22 

8:00  A.M. 

101.2 

120 

24 

12:00    M. 

102.2 

126 

30 

2:30  P.M. 

102.2 

128 

30 

4:00  P.M. 

5:C0  P.M. 

103. 

132 

30 

8:00  P.M. 

102. 

130 

30 

10.00  P.M. 

102. 

134 

30 

11:15  P.M. 

102. 

130 

Jul, 

y  14 

2:00  A.>[. 
3:00  A.M. 

100.6 

124 

28 

4:00  A.M. 

100.2 

126 

24 

6:00  A.M. 

(?) 
(?) 


(?) 


(?) 


TIIK    lorKXAl,    oK    I..\r.()R.\T()KV    AND   CI.IN1CAI<    MKDICINE 


TkMI'HKATIKK,    PUI.SK,    ANh    RKSI'IKATION     {L'oiit'd) 


lulv   14 


July  15 


July  16 


Tulv  17 


July  18 


July  19 


lulv  20 


Tulv  21 


8:00  A.M. 

12  00    M. 

101. 

124 

4:00  P.M. 

102.5 

140 

8:00  P.M. 

102. 

130 

10:00  P.M. 

103. 

132 

10:45  P.M. 

103.5 

130 

3:30  A.M. 

101. 

126 

6:00  A.M. 

7:00  A.M.. 

100.5 

118 

12:00    M. 

103.6 

134 

4:00  P.M. 

102.5 

140 

8:30  P.M. 

102.2 

125 

9:00  P.M. 

103.2 

126 

12:00  P.M. 

102.2 

97 

1:00  A.M. 

101.2 

100 

4:00  A.M. 

101.6 

115 

5:00  A.M. 

101.8 

119 

7:00  A.M. 

100. 

121 

8:00  A.M. 

106.6 

128 

12:00    M. 

101. 

116 

4:00  P.M. 

102.2 

110 

8:00  P.M. 

103. 

120 

10:00  P.M. 

99.8 

124 

10.30  P.M. 

99.8 

125 

11:00  P.M. 

110 

11:30  P.M. 

120 

12:00  P.M. 

102. 

115 

12:30  A.M. 

2:30  A.M. 

102.6 

116 

4:00  A.M. 

101.2 

115 

4:30  A.M. 

5:00  A.M. 

101.2 

126 

6:00  A.M. 

99.2 

126 

8:00  A.M. 

100.6 

120 

12:00    M. 

100.4 

112 

4:00  P.M. 

100.4 

128 

8:00  P.M. 

101.8 

125 

10:00  P.M. 

99.8 

120 

12:00  P.M. 

101. 

120 

2:00  A.M. 

98.8 

115 

4:00  A.M. 

98.8 

120 

8:00  A.M. 

100. 

126 

1 :00  P.M. 

100.4 

116 

5  :00  P.M. 

100.6 

128 

8:00  P.M. 

101.8 

120 

12:00  P.M. 

102. 

130- 

4:00  A.M. 

100.2 

124 

8:00  A.M. 

100. 

128 

1 :00  P.M. 

100.6 

120 

4:00  P.M. 

101.4 

120 

8:00  P.M. 

101.6 

120 

12:00  P.M. 

101.6 

120 

4:00  A.M. 

101.4 

125 

4:30  A.M. 

100.2 

8:00  A.M. 

99.8 

120 

12:00    M. 

100.2 

124 

4:00  P.M. 

101.4 

124 

8:00  P.M. 

102.2 

120 

10:00  P.M. 

101.2 

124 

12:00  P.M. 

101.2 

125 

4:00  A.M. 

101.4 

120 

6:00  A.M. 

99.8 

105 

34 


24 

24 
30 
34 


34 
32 


30 
28 
28 


32 

28 


28 
28 
28 
28 

28 


30 
32 
34 


CI.INKWI,     I'ATIlOl.dC.V    OK     NMJSTAKI)    CAS    I'OFSOMNG 


Ti:  Mi'i.K ' 


I'l   I.Si:,    AMI    Kr.SriKATION     ((nlll'd) 


July  21 


July  22 


T. 

p. 

K. 

«:()()  A.M. 

W.S 

124 

30 

12:00    M. 

101.2 

124 

30 

4:00  P.M. 

101.6 

128 

32 

8:00  P.M. 

102.4 

130 

10:00  P.M. 

100. 

120 

12:00  P.M. 

101.6 

122 

2:00  A.M. 

100.2 

124 

4:00  A.M. 

101.2 

126 

6:00  A.M. 

W.6 

120 

8:00  A.M. 

99.6 

130 

36 

11:00  A.M. 

136 

50 

12:00    M. 

101.6 

140 

50 

4:00  P.M. 

102. 

152 

52 

5:00  P.M. 

160 

58 

Urixk  axd  Ili.ooii  L'kka 


PHYSICAL  AND 

CIIEMICAI, 

SUGAR 

ACIDOSIS 

REXAI, 

DIAZO 

CHARACTERISTICS 

GLUCOSE 

ALBUMIN 

DIACETIC 

FUNCTIONAL 

SUB. 

PIGMENTS 

OF  THE  URI.NE 

ACID 

EFFICIENCY 

?  a 


lulv 

'     c.c. 

8 

1850 

9 

1470 

10 

1000 

11 

1650 

12 

1150 

1.^ 

1200 

14 

2000 

l.S 

—  "1 

16 

1550 

17 

500^ 

18 

730^ 

19 

750^ 

20 

800^ 

21 

1075^ 

22 

1475^ 

Acid 


1018 

Neg. 

Pes.? 

Pes.? 

Xeg. 

. 

0.16 

. 

2.96 





1024 

Neg. 

Pes. 

Pos. 

Xeg. 

— 

0.24 

— 

3.53 

. 



1020 

Xeg. 

Pes. 

Pos. 

Xeg. 

0.53 

0.10 

5.30 

1.00 





1012 

Neg. 

Pes. 

Pos. 

Xeg. 

— 

0.22 

— 

3.33 

Xeg. 



1013 

Xeg. 

Pos. 

Pos. 

Xeg. 

0.74 

0.40 

8.51 

4.60 

Xeg. 



1015 

Neg. 

Pes.? 

Pos. 

Xeg. 

0.38 

— 

4.56 

_ 

Xeg. 



1011 

Xeg. 

Pos. 

Pos. 

Xeg. 

1.80 



36.0 



Neg. 



1015 

.\eg. 

Pos. 

Pos. 

Xeg. 

1.35 

— 

— 

— 

Xeg. 



1013 

Xeg. 

Pos. 

Pos. 

Xeg. 

0.54 

0.30 

8.37 

4.65 

Xee. 

Pos. 

1024 

Xeg. 

Trace 

Trace 

Xeg. 

— 

0.50 

— 

2.50 

Pos. 

1020 

Xeg. 

" 

" 

Xeg. 

0.84 

0.52 

(..1«, 

3.79 

— 

Pos. 

1015 

Neg. 

" 

" 

Xeg. 

0.54 

0.(i6 

4.05 

4.95 

— 

Neg. 

1013 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

— 

0.44 

— 

3.52 

— 

1007 

Xee. 

Trace 

Trace 

N'eg. 

0.35 

0.54 

3.76 

5.80 





1008 

Xeg. 

" 

" 

Xeg. 

— 

0.42 

— 

6.19 

— 

— 

— 

Xeg. 

Xeg. 

— 

Xeg. 

Xeg 

— ■ 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Neg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Xeg. 

Neg. 

— 

Xeg. 

Neg. 

— 

Xeg. 

Neg. 

— 

Xeg. 

Neg. 

BLOOD   UREA 

10  .036  Gm.  per  100  C.C. 

COLOR  OF  URINE 

8       Deep   red  brown. 

11  Brownish    yellow. 
13        Dark  brown. 

15 

16  Amber 

17  Dark  amber. 
18 

19  Light  amber. 

20  Aml)er. 
21 

22  " 

"Incontinence. 


URINARY  SEDIMENT 

Amorphous    urates.      Few    granular    casts.      IJladder    and    kidney    epithelial    cells. 

-Many    leucocytes.      Few    red    blood    cells. 
Amorphous  urates.     Granular  cast.':.      Leucocytes.      Epithelial  cells,  plus  the  sedi- 
ment  of   some  alkaline   fermentation — trijjle   phosphates  especially. 
Excess    of   uric   acid   crystals.      Amorjihous    urates.      Large    number   of   red   blood 

cells.      Few   granular   casts   and   epithelial   cells. 
Incontinence,  no  specimen  collected. 
Much    improved.      Amorphous    urates.       Leucocytes.      Few    fragmented    granular 

casts.      Epithelial  cells.      Few   bacteria   (contamination).      Xo  red   blood  cells. 
Few    amorphous    urates.       Few    leucocytes.      Few    granular    and    epithelial    cells. 

Bacteria. 
Excessive  amount  of  uric  acid  and  amorphous  urates  coloring  the  sediment  bright 

red.      Few  leucocytes.      Few  granular  casts.      Few   renal  epithelial  cells. 
Sediment    is    much    improved.      Few    amorphous    urates.      Few   granular   epithelial 

cells.     Few  leucocytes.     One  or  two  hyaline  casts. 
Apparently   much    improved.      Few   amorphous   urates.      Leucocytes,   and   granular 

epitlielial   cells. 
Abundant    urates.      Few   hyaline   and    fragmented   granular    casts.      Few   granular 

epithelial   cells.      Few   leucocytes. 
Large  amount  of  amorphous  urates.     Many  uric  acid  crystals.     Xumerous  hyaline 

casts   and    renal    epithelial    cells.      Few    red    and    white  blood    cells. 


8  THK    jOrUXAl,    OF    LABORATORY    AND    CLTNTCAI.    MEDICINE 

Bl.OOD 
KK  VT 1 1  RUCV'l'Iv      VV  II ITI-:    H  K  MOGLOBl  N 
COUNT  COUNT 

lulv  S  4,100,000  29,700        75% 

July  11  4,250,000  21,500        80% 

July  14  13,000 

lulv  15        13,500 

lulv  18  13,000 

lulv  20  12,700        65% 

July  22  10,800 

Differential  white  count  on  July  11,  14  days  after  g^tss- 
ing. 

Polynuclcars 

Neutropliile  86.5  % 

Eosinophile  6.75% 

Basophile  .5  % 

Degenerates  .75% 

Lymphocytes 

Large  .25% 

Small  .75% 

Transitionals  ,5  % 

Large  basophilic  mononuclears  1.0  % 

Myelocytes 

Neutrophile  2.5  % 

Eosinophile  .25% 

Myeloblasts  .25% 

The  polymorphonuclears  are  chiefly  young  types, 
showing  the  Arneth  scale  to  the  left.     The  eosinophilia 

is  marked.     The  blood  platelets  are  large  and  numerous. 
One  megaloblast  was   found  in  counting  four  hundred 

white   cells.     No   other   clranges   in  the   red   cells   were 
noted. 

Case  in. — This  patient  was  very  severely  gassed.  He  early  developed 
a  severe  secondary  infection  with  diffuse  suppuration.  There  was  also  an  ex- 
tensive bronchopneumonia.  After  institution  of  active  treatment  by  irrigation 
and  continuous  baths,  the  pyogenic  process  rapidly  cleared  up.  Recovery  after 
two  months.  The  first  blood  count  was  made  two  weeks  after  gassing,  and  the 
last,  four  weeks  after  gassing. 


Temper.\ture,  Puese,  and  Respiration 


T. 

p. 

June  28 

A.M. 

99.4 

90 

P.M. 

99.8 

100 

June  29 

A.M. 

100. 

110 

P.M. 

100. 

110 

June  30 

A.M. 

99.8 

109 

P.M. 

97. 

104 

July  1 

A.M. 

P.M. 

100.8 

108 

July  2 

A.M. 

99.2 

105 

P.M. 

100.8 

108 

July  3 

A.M. 

101. 

108 

July  4 

A.M. 

99.6 

109 

July  5      . 

4:00 

A.M. 

103.4 

128 

4:00 

P.M. 

102.6 

128 

9:00 

P.M. 

103. 

132 

July  6 

4:00 

A.M. 

102. 

132 

12:00 

M. 

102. 

128 

4:00 

P.M. 

103. 

132 

10:00 

P.  M . 

102.4 

120 

July  7 

2:00 

A.M. 

102.2 

128 

R. 

28 

30 

28 

28 

28  (?) 

28 

26 
28 
26 
26 
18 
28 
24 
30 
26 
32 
28 
24 
26 


CI.IMCAI, 

I-ATIIOI.OC.Y 

Oh"     .MI'S'I 

\\\\<])   CAS    l'(jlsrj.\IN 

TkmI'I 

.KATIKi:,    I'll.Sl' 

;,    A. Ml    ivr.SIMK.\TIO.\ 

(Cont'd) 

July  7 

6:30  A.M. 

T. 

102.6 

128 

H. 

26 

12:(K)    M. 

103.4 

132 

28 

4:30  I'.M. 

103.4 

130 

28 

10:30  I'.M. 

102.8 

132 

28 

July  8 

2:00  A.M. 

4:00  A.M. 

100.4 

126 

28 

8:00  A.M. 

1(M).4 

114 

28 

12:00    M. 

102.2 

120 

28 

4:00  KM. 

101.6 

126 

32 

8:00  P.M. 

102. 

132 

32 

12:00  P.M. 

102.2 

132 

28 

July  9 

5:00  A.M. 

101. 

130 

28 

8:00  A.M. 

99.8 

120 

26 

12:00    M. 

102. 

136 

32 

4:00  P.M. 

101.4 

120 

34 

8:00  P.M. 

101.8 

130 

34  (?) 

12:00  P.M. 

99.8 

127 

34  (  >) 

July   10 

4:30  A.M. 

100.6 

132 

34 

8:00  A.M. 

101.6 

130 

32 

12:00    M. 

190.4 

128 

30 

4:00  p.if. 

100.4 

124 

26 

8:00  P..M. 

100.4 

118 

24 

July  11 

1:00  A.M. 

101. 

120 

24 

4:00  A.M. 

99.2 

119 

24 

8:(X)  A.M. 

12:00    M. 

100. 

128 

32 

4:00  P.M. 

100.6 

140 

34 

8:00  P.M. 

100.8 

12:00  P.M. 

99.4 

120 

22 

July  12 

4:00  A.M. 

99.6 

120 

19 

8:00  A.M. 

99.8 

126 

20 

12:00    M. 

100.6 

120 

36 

4:00  P.M. 

101.2 

124 

34 

8:00  P.ii. 

102. 

124 

33 

10:00  P.M. 

•99.4 

118 

22 

July  13 

12:30  A.M. 

99.2 

118 

22 

5:00  A.M. 

99.3 

124 

20 

12:00    M. 

100.6 

136 

32 

1 :00  P.M. 

101. 

134 

30 

4:00  P.M. 

101. 

124 

28 

8:00  P.M. 

lOO.S 

125 

July  14 

1:00  A.M. 

100.4 

120 

4:00  A.M. 

100. 

124 

20 

8:00  A.M. 

101.2 

1.30 

26 

3:00  P.M. 

102.2 

128 

20 

4:00  P.M. 

101.4 

130 

30 

8:00  P.M. 

100.8 

120 

11:30  P.M. 

100.6 

118 

22 

July  15 

4:00  A.M. 

ICO. 6 

118 

22 

8:00  A.M. 

101.5 

128 

32 

12:00    M. 

102.2 

136 

30 

4:00  P.M. 

102.2 

128 

28 

8:00  P.M. 

101. 

123 

28 

July  16 

12:30  A.M. 

101. 

129 

31 

5  :30  A.M. 

100.8 

125 

27 

8:00  .A.M. 

100.6 

136 

28 

12:00    M. 

1004 

124 

32 

4:00  P.M. 

101. 

126 

28 

8:00  P.M. 

lOl.S 

129 

28 

July  17 

1 :00  A.^[. 

100. 

130 

26 

5  :00  A.M. 

100. 

132 

32 

8:00  A.M. 

101. 

128 

30 

12:00    M. 

101. 

130 

28 

4:00  P.M. 

101.6 

128 

28 

10  THK    JOURXAT,    ()!■'    LABORATORY    AND   CI.INICAI,    MKDICINE 

TKMi'KKATrKi;,  l\-i.si:,  and  I\i;sriKATioN   (Cont'd) 

T.  ;•.                    R. 

lulv  17             8:(K)  I'.M.  101.  128  28 

12:00  P.M.  100.4  127  28 

lulv  18            4:00  A.M.  99.  126  27 

8:00  A.M  100.8  130  30 

1:00  P.M.  101.3  126  28 

8:00  P.M.  101.2  130  28 

12:00  P.M.  100  134  36 

July  19            4:00  a.m.  99.8  130  32 

8:00  A.M.  101.2  126  28 

12:00    M.  10.6  120  26 

4:00  P.M.  101.5  128  28 

8:30  P..M.  102.2  130  3i 

11:00  P.M.  101.2  124  2^ 

July  20             1:00  a.m.  101.4  124  28 

1:45  A.M  100.  122  30 

6:00  A.M.  100.4  124  26 

8:00  A.M.  100.6  120  22 

12:00    M.  99.8  120  20 

4:00  P.M.  101.6  128  26 

8:00  p..>[.  101.8  88  24 

12:00  P.M.  100.6  128  26 

July  21            4:00  a.m.  100.  128  24 

8:00  A.M.  99.8  116  22 

12:00    M.  100.6  120  26 

4:00  P.M.  101.3  124  22 

8:00  P.M.  100.8  124  24 

12:'X)  P.M.  lot).  120  20 

July  22            4:00  a..m.  UK).  122  24 

8:00  A.M.  100.  120  22 

12:00    M.  100.  112  24 

4:00  P.M.  100.4  120  26 

8:00  P.M.  100.2  114  24 

12:00  P.M.  99.4  118  28 

July  23            4:00  a.m.  98.3  120  26 

8:00  A.M.  100.2  116  24 

12:00    M.  99.8  124  24 

4:00  P.M.  100.  112  22 

8:00  P.M.  99.  116  30 

12:00  P.M.  99.6  120  30 

July  24            4:00  a.m.  99.6  120  28 

8:00  a.m.  99.8  112  26 

12:00    M.  99.6  116  26 

4:00  P.M.  99.8  120  24 

8:00  P.M.  99.6  112  28 

12:00  P.M.  99.4  118  28 

July  25            4:00  a.m.  99.8  124  22 

8:00  A.M.  101.4  124  24 

10:00  A.M.  101.8  128  24 

12:00    M.  102.  124  24 

4:00  P.M.  100.6  120  24 

8:00  P.M.  100.  120  24 

12:00  P.M.  99.6  118  24 

July  26            4:00  a.m.  99.2  130  26 

8:00  A.M.  99.4  116  26 

12:00    M.  99.4  114  28 

4:00  P.M.  99.8  118  28 

8:00  P.M.  99.4  120  26 

12:00  p.m.  99.  110  22 

July  27           4:00  a.m.  99.  120  22 

8:00  a.m.  99.  116  28 

12:00    m.  99.2  120  24 

4:00  p.m.  99.6  114  24 

8:00  P.M.  99.4  116  26 

12:00  P.M.  99.2  118  26 

July  28            4:00  a.m.  98.6  120  20 

8:00  A.M.  99.  108  22 

12:00    M.  99.4  116  26 


CI. I  NIC. \l,     r.\ril()l.<i('.N'    <il'     MIS'I'AKI)    CAS    rolSONING 


11 


12 


TIIR    JOUKXAI<    OF    LABORATORY    AND    CIvlNlCAI,    MEDICI  xMv 


'J'l.MlM-.KATrKlv,    PULSK,    AND    RKSIMKATION    (Coilt'd) 


T. 

p. 

R. 

J  Illy 

28 

4:00  P.M. 

99.8 

110 

24 

8:00  P.M. 

99.4 

120 

20 

12:00  P.M. 

99.4 

116 

22 

July 

29 

4:00  A.M. 

99.4 

122 

26 

8:00  A.M. 

99.2 

120 

26 

12:00  M. 

99.6 

114 

24 

4:00  P.M. 

8:00  P.M.- 

100. 

122 

22 

12:00  P.M. 

100.4 

124 

26 

July 

30 

4:00  A.M. 

99.4 

116 

22 

8:00  A.M. 

100.2 

126 

20 

12:00    M. 

101.6 

132 

24 

4:00  P.M. 

102.6 

136 

24 

8:00  P.M. 

101.8 

136 

28 

12:00  P.M. 

100.4 

136 

28 

July 

31 

4:00  A.M. 

100.4 

136 

28 

8:00  A.M. 

101. 

136 

26 

12:00    M. 

101.6 

130 

32 

4:00  P.M. 

102. 

136 

32 

7:00  P.M. 

101.8 

136 

26 

8:00  P.M. 

101.6 

138' 

26 

12:00  P.M. 

100.2 

120 

24 

Aug 

1 

4:00  A.M. 

100.2 

136 

30 

8:00  A.M. 

100.2 

132 

24 

12:00    M. 

100. 

118 

22 

4:00  P.M. 

100.2 

110 

26 

8:00  P.M. 

99.6 

110 

24 

12:00  P.M. 

98.6 

100 

22 

Aug 

.2 

4:00  A.M. 

98.6 

100 

24 

6:00  A.M. 

98.6 

100 

26 

8:00  A.M. 

98.6 

100 

22 

(For  graphic  chart  of  temperature,  pulse  and  respiration 
see  Chart  I.) 
The  further  recovery  was  uneventful.     The  patient 
was  discharged  as  completely  cured  about  a  month  later. 


Blood 


ERYTHROCYTE 
COUNT 

4,650,000 
4,800,000 


WHITE   PIEMOGLOBIN 
COUNT 


July  10  4,650,000  24.600        75% 

Julv  12  4,800,000  21,500        75% 

July  14  20,000        75%; 

July  16  15,000 

July  18  15,000 

July  20  16.000 

July  22  15,700 

July  24  15,400 

July  26  15,500 

Differential   white  counts   two  weeks,   and   four   weeks 
after    gassing. 

Polvnuclears  July  11  July  25 

'Neutrophil  86%  79.5% 

Eosinophil  7%  2.0% 

Basophiles  ....  1.5% 
Lymphocytes 

Large  ....  1-0% 

Small  1%  8.5% 

Transitionals  ....  -5% 

Large  basoiihilie  mononuclears      2%  3.5% 

Myelocytes,  neutrophilic,  4%  3.5% 

The  platelets  were  increased,  particularly  in  the 
earlier  smears.  There  is  an  increase  in  the  large  deeply 
staining  mononuclears.  The  red  cells  show  no  change 
and  no  nucleated  red  cells  were  found. 


CUINKWI,     1-.\TII<)I,()C.V    ol-     MISTAIMJ    CAS     I'OISfJ.N'I  NG 
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I'kIM'     AM)    I'.l.iMJll    I'hI.A 


1-llYSlCAI.  AND 

CHKMICAI, 

CIIARACTKRISTICS 

Ol*  Till-:  I'RINK 

SUGAR 
GLUCOSE 

AI.nUMIN 

ACIDOSIS 

DIACKTIC 

ACID 

RENAI. 
FUNCTIONAL 
KFFICIENCV 

DIAZO 
SUB. 

PIGMENTS 

. 

s      5 

l|' 

July  c.c.  G 

8  UrS  Acid  1025  Xeg.  Pos.  Pes.  \eg.  —  0.06  —  0.765  —  —  -  —  Xeg  Neg 

9  1170    "  1025  Xeg.  Pos.  Pos.  Xeg.  —  0.48  —  5.6  —  —  _  Xgg  Xeg. 

10  1000    "  1025  Neg.  Pos.  Pos.  Xeg.  0.40  0.10  4.00  1.0  _  —  —  \eg  Ne» 

11  1050    "  1017  Xeg.  Pos.  Pos.  Xeg.  —  0.10  —  1.05  Xeg.  —  Xeg.  Xeg.  Neg. 

FLUIDS  FORCED 

12  1870    "     1015   Xeg.   Pos.    —   Xeg.  0.59  0.06   —   1.12   Xeg.   —   Xeg.  Xeg  Xeg 

13  1950     "     1014   Xeg.    Pos.    —    Xeg.  0.40   —   7.8    —   Xeg.   —    —   Xeg  Xeg 

14  1700   Slight   1017   Xeg.    Pos.    —    Xeg.  1.75   —  29.57   —   Xeg.  Pos.   —   Xeg.  Xeg. 

15  Acid   1015   Xeg.    Pos.    —    Xeg.  1.42  0.12   —   —    —   Pos.   —   Xeg.  Xeg. 

16  550     "     1020    —    Pos.    —    —   0.52  0.12   —   —    _   Pos.   —   Xeg.  Xeg. 

17  850     "     1027    —    Pos.    —    —   0.31   0.08  2.63  0.68    —   Pos.   —   Xeg.  Xeg. 

18  3300  750    "  1027  —  Pos.  —  —  0.88  0.10  6.6  0.75  —  Pos.  —  Neg.  Neg. 

19  2640  800     "  1025  —  Pos.  —  —  0.58  0.36  4.6  2.88  —  Pos.  —  Neg.  Neg. 

20  3660  1400     "  1013  —  Pos.  —  —  —  0.20  —  2.80  —  Xeg.  —  Xeg.  Neg. 

21  2640  1925     "  1001  —  Pos.  —  —  0.(4  0.22  8.47  4.24  —  Xeg.  —  Xeg.  Xeg. 

22  3360  1650     "  1013  —  Pos.  —  —  —  0.26  —  4.29  —  Pos.  —  Xeg.  Xeg. 

23  3360  1530  Amplio-  1010  —  Trace  —  _  _  0.70  —  10.71  —  Xeg.  —  Xeg.  Xeg. 

teric 

24  2880       950         "  1022  —  Trace         —  —  —  0.80  —  7  .C  ______ 

25  2880     1750           "  1010  —  Trace         _  _  _  0.48  —  8.4  _        _        _        _        — 

26  2640     2450     Xeutral  1010  —  Trace         —  —  0.54  0.30  23.00  7.35  _____ 

27  2160     2200     Sit.  Ac.  1008  —  Trace         —  _  0.48  0.26  10.56  6.72  _____ 
2i     1920     1600       "      "  1015  —  Xeg.  Xeg.  _  0.60  0.30  _____ 

29  1920     2100     Xeutral     1015         —        Xtg.        Xeg.         _      0.52       _    10.92       —  _____ 

30  —         —       Sit.  Ac.     1015         —       Trace     Trace        —        —      0.55       —        —  —        —        —        —        

31  —       1900       "      "      1012         —        Xeg.        Xeg.         _        —        _        —        —  _____ 

BLOOD    t'REA  PIIENOLSULPHONF.PHTHALEIX 

7/10  .060  Gm.  per   100  c.c.  blood.  7   24     1st  hr.   plus   10  min.   1:00  to  2:10  SO^c 

28  .045     "        "        "        "        "  2nd  "  2:10  to   3:10  Xo  specimen  obtainable. 

Total 50% 

At  3:30   15^f. 

SPUTUM 

Mucopurulent,    frothy,    profuse    in    amount.      More    than    usual    number    of    streptococci,    in    chains    of 
medium  length. 

CAST    OF    BRONCHUS 

Pink    rtesh-Iike.      Smears   showed   practically   a    mixed    culture    of   rather   medium    short    chained    strepto- 
cocci.   Gram   positive   diplococci,   and   Gram   negative   large   thick   bacilli   in  chains. 

COLOR  OF  URINE  URINARY  SEDIMENT 

8  Transparent,  X'cry    heavy   shower  of  granular   casts   and   peculiar   split   fiber   casts.      Leucocytes.      Few   red 

red  brown.  blood  cells.     Amorphous  urates.     Epifhelial  cells. 

9  Translucent, 

red  yellow. 

10  Lighter. 

11  Darker   again.        Amorphous   urates,   granular  casts,   leucocytes  and   red  blood  cells. 

FLUIDS    FORCED 

12  ^Medium   dark.        Kxcess  amorphous  urates.     I'ric  acid.     Few  granular  casts.     Mucous  cylindroids.     Red  blood 

cells. 
13 

14     Dark. 
15 

16  "  Somewhat    improved.      Amorjjhous    urates.      Leucocytes.      Few    hyaline    and    granular    casts; 

renal   and  bladder  epithelial   cells. 

17  "  Amorphous   urates.      Leucocytes,    hyaline   and    fragments   of   granular  casts.      Red   blood   cells. 

Calcium   oxalate   crystals. 

18  "  Abundant   amorphous    urates.      L'ric   acid.      Red   and    white   blood    cells.      Few   granular   casts 

and   ejiithelial   cells. 

19  Muddy.  ^[uch    improved.      Few   granular   casts   and    epithelial   cells.      Few    leucocytes.      Hacteria. 

20  Lighter.  Still    improving.      Amori)hous    urates.      Few    granular    casts.      Epithelial    cells.      Alkaline    fer- 

mentation  sediment   with   triple  phosphates. 

21  Slightly    dark.        Abundant   amorphous   urates.      Few   red   and   white  blood   cells.      Few   granular   casts  and   epi- 

thelial cells. 

22  Darker.  Large    amounts     of     sediment.       Amorphous     urates,     granular    epithelial     cells.       Few    triple 

phosphates. 

23  Lighter.  .Amorphous   urates.      Few   granuL'r  casts.      Epithelial   cells.     Triple   phosphates. 

24  Normal.  Amorphous   urates.      Trijile  phosphates.     Few  granular  epithelial  cells 
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Tlllv     lOlKXAI.    Ol'    l.AliOkATORV    AM)    CLIMCAI,    MKnicMNK 


CI.INICAI,     l'A'lll(»l,()C,Y    Ol"    ML'STAkO    GAS    I'(jlS(JN  I NC  15 

rKi.vi',  AND  lii.oim  l.'ki;A    (Cont'd) 
si:  It  I. mi:  NT 

Amniplioii'i    urates.      I'ric   acid.      'IVipli-    phosphates.      I-'t-w    Kratuilar    loucocyltH   and 
(■|>ith(lial     ccll>. 
Sliis'lil   sicliiiuiit.     Alkaline  feniuiiialioii.     Triple  phosphates. 
Ainiirphous   urates  and  triple   phosphates. 
.Xinnrphdus   urates  and  triple  phosphates. 
.Much    sediment,    carhoiiates. 

I'"e\v  amorphous   urates  and    triple   phosyihates.      Few   granular   epithelial   cells. 
I'"ew    fs'ranidar    epithelial    cells,    few    leucricyfes,    otherwise    normal. 
(  I'"or   graphic    cli.irt    of    the    urinary    changes,    see    Chart    II.) 

Case  IV. — This  wa.s  a  ratluT  severe  case  of  mustard  t^assinj.^.  The  pa- 
tient had  extreme  nausea  and  vomiting  for  five  hours  during  the  first  night 
after  being  gassed.  He  developed  severe  genital  lesions  which  became  sec- 
ondarily infected.     There  was  also  necrosis  of  the  nasal  and  pharyngeal  mucosa 

and  some  bronchitis. 

TEMPi:R.\TrRK,  Pulse,  and  Respiration 


COI.OK 

25 

Slinhtly     dark. 

2C, 

Normal. 

27 

Medium   <laik. 

28 

Normal. 

29 

" 

.^0 

SI.   darker. 

31 

Normal. 

T. 

p. 

R. 

Tulv  4 

Normal 

Normal 

Norma 

July  5 

8:00  A.M. 

98.6 

96 

26 

4:00  P.M. 

98.2 

80 

July  6 

4:00  A.M. 

97. 

80 

18 

4:00  P.M. 

98.6 

96 

18 

July  7 

6:00  A.M. 
8:00  A.M. 

97.4 

82 

19 

4:30  P.M. 

99. 

100 

22 

July  8 

8:00  A.M. 

97.4 

92 

22 

4:00  P.M. 

97.6 

94 

22 

July  9 

4:00  P.M. 

98.6 

102 

20 

July  10 

8:00  A.M. 

97.6 

100 

24 

4:00  P.M. 

98.6 

98 

20 

Tulv  11 

4:00  P.M. 

99. 

112 

24 

julv  12 

4:00  P.M. 

99.6 

106 

22 

Julv  13 

4:00  P.M. 

100. 

116 

22 

July  14 

4:(X)  P.M. 

100. 

109 

July  15 

8:00  A.M. 

98.8 

112 

18 

4:00  P.M. 

99.8 

112 

28 

July  16 

8:00  A.M. 

98.8 

86 

4:00  P.M. 

98.8 

92 

July  17 

7:30  A.M. 

98.2 

98 

4:00  P.M. 

98.8 

78 

July  18 

7:30  A.M. 

100. 

98 

4:00  P.M. 

99.8 

88 

July  19 

8:00  A.M. 

98.8 

80 

4:00  P.M. 

98.8 

88 

July  20 

7:30  A.M. 

98.6 

86 

4:00  P.M. 

99. 

88 

July  21 

7:30  A.M. 

98.4 

82 

4:00  P.M. 

99. 

76 

July  22 

7:30  A.M. 

98.2 

78 

4:00  P.M. 

98.8 

82 

July  23 

8:00  A.M. 

98.6 

78 

20 

4:00  P.M. 

98.6 

98 

20 

July  24 

8:00  A.M. 

98. 

80 

18 

4:00  P.M. 

98.6 

112 

20 

July  25 

8:00  .\.M. 

98.6 

86 

4:00  P.M. 

98.8 

88 

July  26 

8:00  A.M. 

98.6 

80 

4:00  P.M. 

98.8 

84 

July  27 

8:00  A.M. 

98.4 

82 

4:00  P.M. 

98.6 

86 

July  2S 

8:(K)  A.M. 

98. 

84 

20 

4:00  P.M. 

98.6 

98 

22 

July  29 

8:00  A.M. 

98.2 

86 

18 

4:00  P.M. 

98.6 

98 

16 


THE    TOURXAU    or    LABORATORY    AND    CLINICAL    MEDICINE 


Ukixe  and  Bi.ood  Uri;a 


PlIYSICAU  AND 
CHEMICAL 

SUGAR 

ACIDOSIS 

RENAL 
FUNCTIONAL 

DIAZO 
SUB. 

PIGMENTS 

CKARACTERISTICS 

GLUCOSE 

ALBUMIN 

DIACETIC 

EFFICIENCY 

OF  THE  URINE 

ACID 

...  o 

2  " 
So 


21 
22 
23 
24 
25 
26 
27 
28 
29 


o 

o 
o 

"« 

< 

P  w 

o  5 

o 

a 
5 

z 
< 

>  z 

z 

"z 

I- 
t- 

2h 

— 

_; 

T^ 

^ 

z  S 

z  S 

< 

o 

^ 

a  ca 

^ 

S 

< 

a 

< 

= 

S 

u; 

S" 

S" 

Q£ 

~ 

J 

3 

S  g 

c 

S 

< 
o 

s  < 

a. 

•J. 

ti 

~ 

< 

a     • 

O! 

o 

cr. 

'-' 

■^ 

July 

8 

CO. 

1000 

Acid 

1026 

Neg. 

Pes. 

Pos. 

Neg. 



0.14 

G. 

G. 

1.40 







Neg. 

Neg. 

t) 

1000 

1030 

Neg. 

Pes. 

Pos. 

Neg. 

— 

0.20 

— 

2.00 



— 

— 

Neg. 

Neg. 

10 

1600 

" 

1018 

Neg. 

Pes. 

Pos. 

Neg. 

0.36 

0.32 

5.76 

5.12 



— 

— 

Neg. 

Neg. 

11 

525 

" 

1023 

Neg. 

Pos. 

Pos. 

Neg. 

— 

0.26 

— 

1.36 

Neg. 

— 

Neg. 

Neg. 

Neg. 

12 

1025 

" 

1020 

Neg. 

Pes. 

Neg. 

0.68 

0.26 

6.97 

2.67 

Neg. 

— 

Neg. 

Neg. 

Neg. 

T! 

ir.oo 

" 

1013 

Neg. 

Pos. 

Neg. 

0.62 

— 

9.92 

— 

Neg. 

— 

— 

Neg. 

Neg. 

14 

1100  Ampho- 

1027 

Neg. 

Pos. 

Neg. 

2.56 

— 

28.16 

— 

Neg. 

— 

Neg. 

Neg. 

Neg. 

teric 

IS 

Neutral 

1015 

— ■ 

Pos. 

Neg. 

1.22 

0.20 

— 

— 

— 

Neg. 

— 

Neg. 

Neg. 

16 

NO    SPECIMEN 

COLLECTED 

17 

350 

Acid 

1023 

— 

Pos. 

Neg. 

— 

0.30 

— 

1.05 

— 

Neg. 

— 

Neg. 

Neg. 

IS 

1150  Neutral 

1015 

— 

Pos. 

— 

0.67 

0.80 

7.60 

9.20 

— 

Neg. 

— 

Neg. 

Neg. 

10 

450? 

Acid 

1030 

— 

Neg. 

Neg. 

— 

0.24 

0.60 

1.08 

2.70 

— • 

Neg. 

— 

Neg. 

Neg. 

?.() 

650 

1017 

— 

Neg. 

Neg. 

— 

— 

0.26 

— 

1.69 

n 

540 

1022 

. — 

Pos. 

Pos. 

— 

— 

0.60 

— 

3.24 

— 

Neg. 

— 

Neg. 

Neg. 

22 

1100 

1019 

— 

Pos. 

Pos. 

— 

— 

0.58 

— 

6.38 

— • 

Neg. 

— 

Neg. 

Neg. 

27, 

1075 

Slight 

1015 

— 

Neg. 

-Neg. 

— • 

— 

0.48 

— 

5.16 

— 

— 

— 

— 

— 

24 

1000 

1022 

— 

Neg. 

Neg. 

— 

— 

0.50 

— 

5.00 

— 

— 

— ■ 

— 

— 

2.S 

625 

1017 

— 

Neg. 

Neg. 

— • 

— 

0.38 

— 

3.62 

— 

— 

— 

— 

— 

26 

1200 

1022 

— 

Neg. 

Neg. 

— 

1.05 

0.58 

1.80 

6.96 

— 

— 

— 

— - 

— 

27    ■ 

800 

1025 

— 

Pos. 

Pos. 

— 

0.74 

0.46 

5.92 

3.68 

— 

— 

— 

— 

— 

28 

300 

1023 

— ■ 

Neg. 

Neg. 

— 

0.72 

0.66 

2.16 

1.98 

— 

— 

— 

— 

— 

29 

500 

1022 

— 

Neg. 

Neg. 

— 

0.52 

— 

2.60 

— 

— 

— 

— 

— 

— 

BLOOD  UREA 

10   .0480  gm.  per  100  c.c. 


COLOR  OF  URINE 

Medium   lemon   yellow. 
Turbid,  heavy  deposit. 


9 

Medium  yellow,  trans- 

lucent. 

10 

Straw   color.      Slightly 

turbid. 

U 

Darker.     Turbid. 

12 

Normal. 

13 

Turbid. 

14 

Dirty  yellow. 

15 

Normal. 

16 

NO   SPECIMEN    COLLECTED. 

17 

Medium  dark,  turbid. 

18  Slightly  dark,  trans 

lucent. 

19  Normal    sediment. 

20  Normal. 


Normal. 

Normal. 

Somewhat  pale. 

Normal. 

Normal. 

Normal. 

Medium   dark. 

Normal. 

Normal. 


PHENOLSULPHONEPHTHALEIN    TEST 

Tulv   24      1st   hr.   plus    10   min.     9:30  to   10:40     —     80 
10:40  to   11:40     —     10 

Total 90 

URINARY  SEDIMENT 

Uric  acid.     Amorphous  urates,   crystals  in  showers.     Cylindroids.     Few  gran- 
ular casts.     Epithelial   cells. 


Uric  acid  and  amorphous  urates  in  great  showers.     Few  granular  casts. 
Few  white  and  red  blood  cells,  few  epithelial  cells. 
L'ric  acid  and  amorphous  urates.     Otherwise  negative. 


Few    uric    acid    and    amorphous    urates.      Few    triple    phosphates    and    calcium 

oxalate.     Few  hyaline  casts,  renal  and  urethral  epithelial  cells.     Numerous 

leucocytes. 
Abundant  uric  acid  and  urates.     Few  triple  phosphates,  few  granular  epithelial 

casts. 
Almost  entirely  amorphous  urates.     Few  uric  acid  and  few  triple  phosphates. 
Abundant  amorphous  urates,  few  uric  acid,  triple  phosphates.     Granular  casts 

and   granular   epithelium. 
As  above. 

As  above  but  no  casts  noted. 
As  above  but  no  casts  noted. 
As  above  but  no  casts  noted. 
As  above  but   no  casts  noted. 

Only   triple   phosphates   and  a   few   epithelial   cells. 
As  above. 
As  above. 
Amorphous  urates.     Uric  acid.     Numerous  leucocytes.     Triple  phosphates. 
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Bl.OOD 

Ji.viiiiiiiKilion  iif  blood  tivo  weeks  after  fjassing. 


l''.iytIiro(.-}tc  cmint 

4,5rJO.fXX) 

Wliito  count 

25,(X)0, 

Hcmnyloliin 

76% 

Diffcrcutial  white  count: 

I'olynuclcars 

Xculropliilc 

84.07o 

l'",osinoi)liile 

1.5% 

Lynipliocytcs 

J.argc 

2.0% 

Small 

3.0%, 

Transitionals 

.5% 

Large   basophilic    mononuclears 

1.5%, 

Myelocytes,  ncutro;)hilic, 

7.5% 

The  V)loo(l  platelets  were  incrca 

scd.     There  were 

no  changes  in  the  red  cells. 

Case  V. — This  patient  had  severe  mustard  gas  burns  about  the  genitals, 
in  the  axilke  and  at  the  bends  of  the  elbows.  There  was  a  less  severe  general- 
ized burn.  A  marked  generalized  secondar\'  furunculo.-is  complicated  the  later 
course  of  this  patient. 

Temperature,  Pulse,  axd  Respiration 


T. 

p. 

R. 

Tune  27 

7:30  P.M. 

97.6 

112 

26 

June  28 

98.2 

110 

24 

June  29 

lune  30 

98.6 

90 

July  1 

99. 

82 

Tuly  2 

98.8 

90 

July  3 

5:00  p.>[. 

98.8 

97 

July  4 

6:00  .v.M. 

98.4 

110 

July  5 

4:00  P.M. 

100. 

108 

July  6 

4:00  A.M. 

98. 

102 

22 

4:00  P.M. 

99.2 

116 

22 

July  7 

4:00  A.M. 

98. 

108 

22 

4:00  P.M. 

98.6 

104 

22 

July  S 

2:45  A.M. 

4:00  A.M. 

97. 

110 

4:00  P.M. 

99.6 

112 

18 

July  9 

4:00  A.M. 

98.8 

98 

20 

July  10 

8:00  A.M. 

96.8 

112 

16 

4:00  p.^[. 

99.4 

112 

24 

lulv  11 

4:00  P.M. 

99. 

110 

22 

lulv   12 

4:00  P.M. 

99.4 

106 

22 

julv  13 

4:00  P.M. 

100.6 

102 

20 

July  14 

7:30  P.M. 

102. 

110 

July  15 

8:00  A.M. 

99. 

100 

18 

12:00  M. 

98.8 

100 

18 

4:(X)  P.M. 

100. 

112 

26 

7:30  P.M. 

July  16 

8:00  A.M. 

98.6 

88 

4:00  P.M. 

98.6 

92 

July  17 

7:30  A.M. 

98.2 

88 

4:00  P.M. 

98. 

82 

July  18 

7:30  A.M. 

98.2 

88 

4:00  P.M. 

98.2 

84 

July  19 

8:00  A.M. 

97.8 

80 

4:00  P.M. 

98. 

78 

July  20 

7:30  A.M. 

97.6 

68 

4:00  P.M. 

98.4 

76 

July  21 

8:00  A.M. 

4.00  P.M. 

98.8 

7S 

18 
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Tkmpkkatl'ri;,  rui.si:,  and  Rksi'Ikation   (Cont'd) 


T. 

p. 

R. 

Tulv  22 

7:30  A.M. 

97.8 

76 

4:00  P.M. 

98.6 

80 

Julv  23 

8:00  A.M. 

98. 

68 

4:00  P.M. 

98.2 

76 

July  24 

8:00  A.M. 

97. 

74 

4:00  P.M. 

98.6 

82 

luly  25 

8:00  A.M. 

97.6 

68 

4:00  P.M. 

99. 

78 

Tulv  26 

8:'X)  A.M. 

97.8 

78 

4:00  P.M. 

98.8 

78 

Julv  27 

8:00  A.M. 

98. 

76 

4:00  P.M. 

98.6 

78 

Julv  28 

8:00  A.M. 

97.4 

70 

18 

July  29 

8:00  A.M. 

98.2 

68 

18 

4:00  P.M. 

98. 

80 

20 

Urine  and  Blood  Urea 


PHYSICAI,  AND 

CllEMrCAL 

SUGAR 

ACIDOSIS 

RENAL 

DIAZO 

CHARACTERISTICS 

GLUCOSE 

ALBUMIN 

riACETIC 

FUNCTIONAL 

SUB. 

PIGMENTS 

OF  THE  URINE 

ACID 

FFFICIENCV 

A. 

z 

X 

o 

c 
'o 

7. 

o 

<2 

is 

c  o 

S    X 

o 

w 

Q 

>.  2 

< 

U.' 

o 
t. 

H 

C   2 

o 

2; 

'x 

&I 

.  a. 

a 

< 

^  ". 

2 

2 

S 

^ 

'.::. 

kJ 

u 

u 

f-    . 

fH       . 

O 

u. 

^ 

t-   " 

w 

2  ^' 

^ 

^ 

^ 

H 

2 

2  s 

2  S 

< 

o 

CL. 

w  so 

s 

.-' 

s 

i- 

Zl   H 

< 

u: 

ZZ 

5 

e; 

5  o 

<  O 

w 

J 

^ 

s  s 

o 

S 

< 

< 

Ph 

M 

O 

w 

a 

P 

X 

r:i 

^     C6 

o 

a  < 

X 

'^ 

— 

< 

t 

a 

o 

a 

u 

X 

Q   D 

cc 

O 

u. 

July 

c.c. 

s 

1350 

Acid 

1026 

Neg. 

Pes. 

Pos. 

Neg 

— 

0.56 

— 

7.56 

— 

— 

— 

Neg. 

Neg. 

9 

500 

" 

1026 

Neg. 

Pos. 

Pos. 

Neg 

— 

0.64 

— . 

3.20 

— . 

— 

— 

Neg. 

Neg. 

10 

950 

" 

1022 

Neg. 

Pes. 

Pos. 

Neg 

0.49 

0.28 

4.65 

7.66 

— 

— 

— 

Neg. 

Neg. 

11 

600 

" 

1022 

Neg. 

Pos. 

Pos. 

Neg 

— 

0.06 

— 

0.36 

Neg. 

— 

Neg. 

Neg. 

Neg. 

IJ 

900 

Slight 

1018 

Neg. 

Pos. 

Pos. 

Neg 

0.40 

0.30 

3.60 

2.70 

Neg. 

— 

Neg. 

Neg. 

Neg. 

13 

970 

Acid 

1020 

Neg. 

Pos. 

Pos. 

Neg 

0.73 

— 

7.08 

— 

— 

— 

— 

Neg. 

Neg. 

14 

850 

" 

1025 

Neg. 

Pos. 

Pos. 

Neg 

1.26 

— 

10.71 

. — 

Neg. 

— 

Neg. 

Neg. 

Neg. 

15 

— 

Slight 

1025 

Neg. 

1  race 

— 

Neg 

1.61 

0.34 

— 

. — 

— 

. — • 

— 

Neg. 

Neg. 

lr> 

675 

Acid 

1015 

Neg. 

Pos. 

— 

Neg 

0.40 

0.34 

2.70 

2.30 

— 

— 

Neg. 

Neg. 

Neg. 

17 

1425 

" 

1013 

Neg. 

Trace 

— 

Neg 

— 

0.52 

— 

7.41 

— 

Neg. 

Neg. 

Neg. 

IS 

700 

" 

1023 

Neg. 

Neg. 

Neg 

0.44 

0.78 

3.08 

5.46 

— 

Neg. 

— . 

Neg. 

Neg. 

19 

750 

" 

1025 

. — 

Neg. 

Neg. 

0.52 

0.86 

3.90 

6.54 

— 

Neg. 

— 

Neg. 

Neg. 

20 

1100 

" 

1010 

— 

Neg. 

. — 

— 

. — . 

0.38 

— 

4.18 

— 

Neg. 

— 

Neg. 

Neg. 

21 

620 

" 

1024 

— 

Neg. 

— 

— 

— 

0.48 

— 

2.97 

— 

— 

— 

Neg. 

Neg. 

22 

1100 

" 

1010 

— 

Neg. 

— 

— 

— 

0.62 

— 

6.82 

— 

Neg. 

— . 

Neg. 

Neg. 

23 

1625 

" 

1010 

— • 

Neg. 

— 

— 

— 

0.54 

— 

8.77 

— 

— . 

Neg. 

Neg. 

24 

1400 

" 

1012 

— 

Neg. 

— . 

— . 

— 

0.72 



10.08 

— . 

— 

— 

Neg. 

Neg. 

25 

1000 

" 

1010 

— 

Neg. 

— 

— 

— 

0.76 

— 

7.60 

— . 

— 

— . 

Neg. 

Neg. 

26 

2100 

" 

1013 

— . 

Neg. 

— 

— . 

0.72 

0.60 

15.12 

12.60 

— 

— 

— 

Neg. 

Neg. 

27 

1600 

Slight 

1015 

. — • 

Neg. 

— 

— 

0.67 

0.60 

10.72 

9.60 

— 

— 

— 

Neg. 

Neg. 

28 

2000 

" 

1015 

— 

Neg. 

— 

— 

0.50 

0.50 

10.00 

10.00 

. — 

— 

— 

Neg. 

Neg. 

29 

1400 

" 

1015 

— 

— 

— 

— 

— ■ 

— 

— ■ 

— 

— 

— 

— • 

BLOOD    UREA 

PHKNOLSULPHONEPIITIIALEIN     TEST 

i:ioo 

d  unobtainable. 

J 

ily  24 

1st  hour  plu 

5  10  min. 

70% 

excre 

ted. 

2nd   hour 

15% 

** 

Total. 

.85% 

COLOR  OF  URINE 

Medium   lemon   yellow, 
cloudy. 

Medium    lemon    yellow, 

translucent. 
Darker. 


Medium  dark. 
Dark. 


Smears   from   furuncles  and   hordeolum  showed  only  pus   and   staphylococci. 

URINARY  SEDIMENT 

Uric  acid  and  amorjihous  urates.  Few  casts  and  cylindroids,  granular  and 
hyaline  casts,  epithelial  squamous  cells  with  large  golden  yellow  droplets, 
markedly    refractive.      Fatty   degeneration. 

As   above   plus   calcium    oxalate   crystals.      Fragments    of   granular   casts. 
As    above.       Crystals    in    excess.       Few    red    blood    cells,    few    leucocytes,    few 
granular  casts.  ' 


Cl<I.\IC.\l.     I'ATIIOI.OCV    (>K    MIST.\KU    GAS    POISONING 
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cm, OR  oi 

■'   1  •  RINK 

15 

N'orinal. 

16 

Mvdiiim 

(lark. 

!7 

Pale. 

;8 

Normal 

n 

Xornial. 

?o 

Normal. 

ji 

SliRhtly 

pale. 

22 

Niiriiial. 

23 

SliKluIy 

pale. 

24 

SliK'titly 

pale. 

25 

Normal. 

26 

Pale. 

27 

Pale. 

28 

Normal. 

29 

Normal. 

rRi.vK  AM)  Hi.f)()i)  I'rka   {Cont'd) 

IKr.SARY  SKDIMKNT 

Sediniciit   much   improved. 

Few   fraKiiicnts  of  granular  casts.      I\pithclial  cells,  leucocytes  and  amorphous 

urates. 
As  above  plus  few  red  blood  cells. 
I'ric    acid,    amorithous    urates,    calcium    oxalate.      Few    red    and    while    blood 

cells.      Few   fjranular   epithelial   cells. 
Abundant   uric  acid,   as  above. 
As  above. 
As  above. 
As  above. 

As  above  and  a  few  granular  casts. 
As  above. 

Improved,  only  a  few  urates  and  a  few  granular  epithelial   cells  were   found. 
As  ne.xt  above. 
As  next  above. 
Ar.  next  above. 
.As   next  above. 


Blood 

F.vaiiiiimlion  of  blood  sixteen  days  after  gassing. 

Erythrocyte  count  4,600,000 

White  count  21.200 

Hemoglobin  78% 

Differential   white  count: 
Polynuclears 

Xeutropliile  92.  % 

Eosinophile  1.5% 

Basophile  .5% 

Lymphocytes 
Large  2.0%> 

Small  2.07c 

Transitionals  1.0% 

Large  mononuclears,  none  found 
Myelocytes  1.0% 

The  pol_\  nmrphonuclears  show  the  Arneth  scale 
to  the  right,  older  polynuclears.  The  platelets  are  greatly 
increased  in  number.  Man}-  of  the  red  cells  are  un- 
dersized.    Xo  nucleated  red  cells  were  found. 

Case  VI. — In  this  case  there  were  severe  genital  burns  which  developed 
a  severe  secondary  pyogenic  infection.  The  general  skin  involvement  was  less 
severe,  but  well  marked. 

Blood 
Examination  of  blood  tzco  'Z>.'eeks  after  gassing. 


Erythrocyte  count 

4,860,000 

White  count 

16,600 

Hemoglobin 

78% 

Differential  white  count: 

Polynuclears 

Xeutrophile 

66    % 

Eosinophile 

4.5%. 

L>"mphocytes 

Large 

3.0% 

Small 

7.5% 

Transitionals 

1.5% 

Large  basophil] 

ic  mononuc 

lears 

5.5% 

Myelocytes 

12.0% 

The  blood  platelets 

are 

increa; 

sed.     There  are  no 

changes  in  the  red 

cells. 

Xo 

nucleated  red  cells  were 

found. 
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UrIXI;    AM)    I'l.OOl)    I'kICA 


PllVSlCAI.  AND 

CHEMICAL 

SUGAR 

ACIDOSIS 

RENAL 

DIAZO 

CHARACTERISTICS 

GLUCOSE 

ALBUMIN 

DIACETIC 

FUNCTIONAL 

SUB. 

PIGMENTS 

OF  THE  URINE 

ACID 

EFFICIENCY 

f- 

J 

Q 

u 

o 

o  u 

So 

z 

p. 

< 

z 

-  z 

« 

n 

< 

o 

>c 

t- 

O 

<o 

CO 

a 

D 

S  w 
<  9. 

H 

U 

u. 

■-3; 

(/) 

— 

M 

cu 

n 

* 

DM 

•z 

'ft 

D  a 

u  t; 

^ 

'^ 

2 

>  z 

•^ 

.^ 

o  Z 

o 

u. 

•'. 

cc 

u 

u 

f-    . 

H    . 

o 

a 

< 

;:d 

z 

z 

f- 

u 

2h 

u 

u 

J 

J 

5  c) 

Sf, 

< 

o 

CL. 

2  g 

o 

bJ 

< 

«  a 

O 

us 

|3 

s 

a 

o 

a 

a  < 
c.c. 

X 

~. 

< 

u. 

d 

a 

a 

u 

-y; 

O 

Inly 

8 

460 

Acid 

1024 

Neg. 

Pes. 

Pes. 

Neg. 

. — . 

0.16 

— 

0.82 

Neg. 

— 

Neg. 

Neg. 

Neg. 

9 

750 

" 

1015 

NeR. 

Pes. 

Pos. 

.\eg. 

— 

0.30 

— 

2.25 

— 

— 

— 

Neg. 

Neg. 

in 

1150 

'• 

1015 

Neg. 

Pes. 

Pos. 

Neg. 

0.38 

0.14 

4.38 

1.61 

Neg. 

— 

Neg. 

Neg. 

Neg. 

n 

620 

Mark 

1024 

Neg. 

Pes. 

Pos. 

Neg. 

— 

0.38 

— 

7.45 

— 

— • 

Neg. 

Neg. 

1? 

630 

Acid 

1024 

Neg. 

Trace 

Trace 

Neg. 

0.58 

1.16 

3.65 

7.31 

— 

— 

• — • 

Neg. 

Neg. 

!•? 

300? 

" 

1018 

Neg. 

Trace 

Trace 

Neg. 

0.36 

— 

1.08 

— 

— 

— 

— 

Neg. 

Neg. 

14 

900 

" 

1020 

Neg. 

Pes. 

Pos. 

Neg. 

1.56 

— 

14.04 

— 

Neg. 

— 

Neg. 

Neg. 

Neg. 

15 

NO  SAMPLE 

16 

NO  SAMPLE 

17 

1600 

Acid 

1018 

Neg. 

Pos. 

Pos. 

Neg. 

— 

0.40 

— 

6.40 

Neg. 

Neg. 

18 

LEFT  THE  INFIRMARY 

BLOOD     UREA 

Blood   unobtainable. 

COLOR  OF  URINE 
5       Tvirbifl.     Deep  lemon 

yellow. 
9       Light  lemon,  cloudy. 

10  Lighter. 

1 1  Darker  again. 

12  Normal. 

13  Normal. 

14  Lighter,   normal. 

15  Nornial. 

16  Normal. 

17  Nonnal. 

18  Normal. 


phenolsui.phonephthalein  te; 
Patient  left  before  the  apparatus  was  secured. 

URINARY  SEDIMENT 

Amorphous  urates  and   uric  acid   crystals  in   showers. 
hvaline   casts. 


Few   leucocytes.      Few 


As  above  plus  calcium   oxalate  crystals,   in  great  numbers.     Granular  as  well 

as  hyaline  casts.     Epithelial  cells,  both  renal  and  bladder. 
As  above   except   no   casts   were   noted. 


Few  uric  acid  and  amorphous  urates, 
red  and  white  blood  cells. 


Few  fragments  of  granular  casts.     Few 


Case  VII. — Comparatively  mild  case  of  mustard  gassing.  Slight  burns  of 
genitals,  axilke  and  in  the  bends  of  the  elbows.  General  erythema  of  skin  over 
entire  body. 

Blood 

Examinaiion  of  blood  hvo  zi'ccks  after  gassing. 


Erythrocyte  count 

5,300,000 

White  count 

19,500 

Hemoglobin 

1007o 

Differential  white  count 

Polvnuclears 

Neutrophiles 

71.5% 

Eosinophiles 

5.5% 

Lymphocytes 

Large 

3.5% 

Small 

10.5% 

Transitionals 

.5% 

Large  basophilic  mononuclear 

s           6.07o 

Myelocytes 

2.57o 

There  is   an  increase 

in 

the  nc 

rmal   granul 

ar  mono- 

nuclears.     The    blood 

platelets 

are      increased.     No 

nucleated  reds,  or  other 

cl 

cinges 

in  the  red  cells,  were 

found. 
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Urine  and  Bi.ood  Urf.a 


PHYSICAL  AND 

ClIKMICAI. 

SL'C.AK 

ACIDOSIS 

REN'AI, 

DIAZO 

CHAHACTIiRlSTICS 

CI.LCOSE 

ALBUMIN 

DIACETIC 

FUNCTIONAL 

SUB. 

PIGMENTS 

OP  THE  URINE 

ACID 

EFFICIENCY 

a:  X 


Q  O 

CO 
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3  s 
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t; 

Id 

5 

a. 

w 

5" 

S" 

;:; 

u 

s 

5s 

c 
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a 

D   < 

« 

•r. 

- 

- 

< 

c 

a 

=> 

Z 

a  3 

a 

o 

& 

July 

C.C. 

8 

575 

Acid 

1026 

Neg. 

Pes.  ? 

Pos.? 

Neg. 

— 

0.82 

— 

4.62 

— 

— 

— 

Neg. 

Neg. 

9 

1000 

1027 

Neg. 

Pos. 

Pos. 

Neg. 

— 

0.52 

— 

5.20 

— 

— 

— 

Neg. 

Neg. 

10 

1000 

1027 

Neg. 

Pos.? 

Pos.? 

Neg. 

0.38 

0.14 

3.80 

1.40 

— 

— 

— 

Neg. 

Neg. 

11 

900 

1020 

Pos. 

Pos. 

Neg. 

— 

0.12 

— 

1.08 

Neg. 

— 

Neg. 

Neg. 

Neg. 

12 

1450 

1019 

Neg. 

Neg. 

Neg. 

Neg. 

0.54 

0.34 

7.83 

4.93 

Neg. 

— 

Neg. 

Neg. 

Neg. 

13 

250? 

1027 

Neg. 

Pos. 

Pos. 

1.12 

— 

2.80? 

— 

Neg. 

— ■ 

Neg. 

Neg. 

Neg. 

14 

600 

1025 

Neg. 

Pos. 

Pos. 

Neg. 

2.26 

— 

13.56 

— 

Neg. 

— 

Neg. 

Neg. 

Neg. 

15 

— 

1025 

Neg. 

Neg. 

Neg. 

Neg. 

1.32 

0.80 

— 

— 

Neg. 

— 

Neg. 

Neg. 

16 

NO  SAMPLE 

17 

400? 

" 

1023 

Neg. 

— 

Neg. 

— 

0.52 

— 

2.08? 

— 

Neg. 



Neg. 

Neg. 

18 

900 

Neiit. 

1025 

Pos. 

Pos. 

Neg. 

0.48 

0.54 

4.32 

4.86 

— 

Neg. 

— 

Neg. 

Neg. 

19 

600 

Acid 

1025 

Neg. 

Neg. 

0.48 

0.86 

2.88 

4.56 

— 

Neg. 

— 

Neg. 

Neg. 

20 

550 

" 

1025 

Neg. 

Neg. 

— 

— • 

0.30 

— 

1.65 

— 

Neg. 

— 

Neg. 

Neg. 

21 

590 

" 

1027 

Trace 

Trace 

— 

— 

0.20 

— 

1.18 

— 

Neg. 

— 

Neg. 

Neg. 

22 

900 

" 

1017 

Trace 

Trace 

— 

— . 

0.38 

— 

3.42 

— 

Neg. 

— 

Neg. 

Neg. 

23 

565 

" 

1024 

Neg. 

Neg. 

— 

— 

0.70 

— 

4.65 

— 

Neg. 

— 

Neg. 

Neg. 

24 

500 

" 

1025 

Neg. 

Neg. 

— 

— 

0.72 

— 

3.60 

— 

— 

— 

Neg. 

Neg. 

25 

LEFT 

THE    HOSPITAL. 

- 

Tulv   10 
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BLOOD     UREA 

.0264   Cm.   per   1000  c.c.   of  blood 


PHENOLSULPHONEPHTHALEIN 

1st    hr.    plus    10    min.    60%    excreted. 
2nd  hr.  207o 


Total SOTc 

URINARY  SEDIMENT 

Few  amorphous  urates  and  uric  acid  crystals.  Few  cylindroids  and  granular  casts.  Few 
epithelial   cells. 

Amorphous  urates.  Few  uric  acid  crystals  and  calcium  oxalate  crystals.  Few  hyaline  and 
granular  casts  and  cylindroids.     Leucocytes  and  a  few  red  blood  cells  and  epithelial  cells. 

Few    amorphous    urates.      Few   squamous    epithelial   cells,    otherwise    normal. 

Abundant  amorphous  urates,  few  uric  acid  crystals.  Few  leucocytes  and  granular  epithelial 
cells. 

Sediment  crystalline  in  character.  Abundant  uric  acid  and  urates,  numerous  calcium  oxalate 
crystals.      Few   leucocytes  and   granular   epithelial   cells. 

Few    amorphous    urates    and    uric    acid    and    calcium    oxalate    crystals. 

Abundant  amorphous  urates,  uric  acid  and  calcium  oxalate.  Triple  phosphates.  Few  leu- 
cocytes.    Few  granular  epithelial   cells. 

Few  amorphous  urates,  uric  acid,  calcium  oxalate;  few  hyaline  and  few  fragments  of  blood 
casts.      Few    granular    epithelial    cells. 

Amorphous    urates.      Few    calcium    oxalates    and    triple    phosphates. 

Excess   of  amorphous   urates  and   triple   phosphates,   otherwise   negative. 
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Case  VIII. — Mild  case.     Recovery. 


IIrine  AM)  Bi.ooi)  Urka 
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CllKMICAI, 
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DIAZO 
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July 

c.c. 

S 

585? 

Acid 

1030 

Neg. 

Pes.? 

Pos. 

Neg. 

— 

0.22 

— 

1.28 



— 

— 

Neg. 

Neg. 

9 

450? 

" 

1025 

Neg. 

Pos. 

Pos. 

Neg. 

— 

0.22 

— . 

.99 



— 

— 

Neg. 

Neg. 

10 

950 

" 

1017 

Neg. 

Pos. 

Pos. 

Neg. 

0.25 

0.36 

2.37 

3.42 



— 

— 

Neg. 

Neg. 

11 

500? 

" 

1023 

Pds. 

Pos. 

Neg 

— . 

0.40 

— 

2.00 

Neg. 

— 

Neg 

Neg. 

Neg. 

12 

1125 

" 

1015 

Neg. 

Trace 

Trace 

Neg. 

0.43 

0.38 

4.83 

4.27 

Neg. 

— 

Neg. 

Neg. 

Neg. 

13 



" 

Neg. 

0.78 

— 

— . 

— 

14 

920 

A  Ik. 

1025 

Neg. 

Pos. 

Pos. 

Neg. 

0.12 

— 

1.10 

— 

Neg. 

— 

Neg. 

Neg. 

Neg. 

15 

NO    SAMPLES 

SUBMITTED    AFTER    THE 

ABOVE 

E.XAMINATI0NS 

BI.OOD  UREA. 

.0312   G   per 

100   c.c.      NO 

FURTHER    DATA 

OBTAINABLE. 

8 

URINARY  SEDI 

Calcium     oxalate     crystal 

3.        Few     granular 

casts 

and 

cylind 

'oids. 

Kp 

thelial 

cells 

MKNT 

and   leucocytes. 

11 

A 

iiorphous 

urates. 

Small    gra 

lular   ca 

sts. 

Many 

epith 

elial    cells    ( 

enal 

and    b 

adder 

type).      P 

ew    red 

and 

white 

blood    cells. 

12 

Excess   of 

amorphous    urates,    few    uric 

acic 

,    few 

granular    casts. 

Red 

blood 

cells? 

Granular 

bladde 

■    epithelial 

cells. 

Blood 
Hemoglobin.  75  per  cent.     No  other  examination  made. 


Case  IX. — Mild  case.     Recovery. 


Temperature,  Pui.se,  and  Respiration 


T. 

p. 

Julv  11 

Normal 

July  12 

Normal 

July  13 

Normal 

4:00  P.M. 

97.6 

76 

Julv  14 

Normal 

July  15 

Normal 

July  16 

8:30  A.M. 

98.4 

78 

4:00  P.M. 

98.8 

80 

July  17 

7:30  A.M. 

98. 

76 

4:00  P.M. 

98.6 

88 

Julv  18 

7:30  A.M. 

98.2 

78 

4:00  P.M. 

98.2 

74 

July  19 

8:00  A.M. 

98. 

78 

4:00  P.M. 

98.4 

70 

July  20 

7:30  A.M. 

98. 

76 

4:00  P.M. 

98.6 

80 

Julv  21 

7:30  A.M. 

97.8 

70 

July  22 

7:30  A.M. 

98. 

80 

4:00  P.M. 

98.6 

82 
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Ti-viri-KATiKi;,  l'tn.si;,  and  Rksimration   (Cont'd) 


T. 

p. 

R. 

Julv  23 

8:()0  A.M. 

98. 

68 

4:(X)  P.M. 

98. 

80 

18 

Jiilv  24 

H-m  A.M. 

98. 

80 

18 

4:00  P.M. 

84 

20 

lulv  25 

8:00  A.M. 

98. 

76 

18 

4:00  P.M. 

98.6 

82 

Julv  26 

8:00  A.M. 

98. 

78 

4:00  P.M. 

98. 

82 

July  27 

8:00  A.M. 

98. 

80 

4-00  P.M. 

98.6 

80 

Tuly  28 

8:00  A.M. 

97.8 

76 

4:00  P.M. 

98.6 

76 

Julv  29 

8:00  A.M. 

4:00  P.M. 

98.4 

74 

Urine  and  Blood  Urea 


PHYSICAL  AND 

CHEMICAL 

SUGAR 

ACIDOSIS 

RENAL 

DIAZO 

CHARACTERISTICS 

GLUCOSE 

AI.BU.MIN 

DIACETIC 

FUNCTIONAL 

SUB. 

PICME.NTS 

OF  THE  URINE 

ACID 

EFFICIENCY 

<  g 


July 

c.c. 

17 

550 

Acid 

1024 

IS 

650 

" 

1018 

19 

1100 

" 

1015 

21 

1050 

" 

1015 

2.2 

500 

Xeut. 

1017 

23 

820 

" 

1017 

24 

1850 

Acid 

1012 

25 

1150 

" 

1013 

26 

700 

1025 

27 

1050 

1015 

28 

400? 

Acid 

1023 

29 

700 

" 

1017 

Xeg.       Xeg.  Xeg.  Xeg.        —  0.58  —  3.19  Xeg. 

Xeg.       Xeg.  Xeg.  Xeg.  0.49  0.70  3.18  4.55  — 

Xeg.       Xeg.  Xeg.  Xeg.  0.32  0.60  3.52  6.60  — 

—  Xeg.  Xeg.  Xeg.        —  0.78  —  8.19  — 

—  Xeg.  Xeg.  Xeg.        —  0.58  —  2.90  — 

—  Xeg.  Xeg.  Xeg.        —  0.34  —  2.78  — 

—  Xeg.  Xeg.  Xeg.        —  0.70  —  12.95  — 

—  Xeg.  Xeg.  Xeg.        —  0.38  —  4.37  — 

—  Xeg.  Xeg.  Xeg.  1.6  0.36  11.20  2.52  — 
Xeg.  Neg.  0.72  0.70  7.56  7.35  — 
Neg.  Xeg.  0.84  0.66  i.3i  2.64  — 


Xeg. 

Xeg. 

Xeg. 

Neg. 

Xeg. 

— 

Xeg. 

Xeg. 

Xeg. 

— 

Xeg. 

Xeg. 

Xeg. 

— 

Xeg. 

Xeg. 

Xeg. 

— 

Xeg. 

Xeg. 

Xeg.       Neg. 


PHENOI  SVI.PHOXEPHTHALEIN     TEST 

1st  hr.  plus   10  min.  60%  excreted. 
2nd  hr.  lO'/c 

Total 70':^  " 

URINARY  SEDIMENT 

17  l"e\v   ainor|ihous    u         -,    few    leucocytes,    few    red    and    white    blood    cells,    few    granular    epi- 

thelial  cells. 

18  Crystalline    in    character    consisting    largely    of    uric    acid    and    amorphous    urates.      Otherwise 

normal. 

19  Excess  of  uric  acid  and  amorphous  urates.     Otherwise   negative. 

21  Abundant    amorphous    urates.      Otherwise    negative. 

22  Crystalline.      Large  amounts  amorphous  urates.      Some   triple   phosphates,   otherwise   negative. 

23  As  on  previous  day,  less  in  amount. 

24  As   on  previous   day,,  still  less  in  amount. 

25  Excess   amorphous   urates,   triple  phosphates,   otherwise   negative. 

26  As   ne.xt  above. 
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Cask  Group  X. — .Ml  mild  ca.ses  with  rccoveiy. 

Tkmper.\tl're,  Puese,  and  Respiration 


CASE   X-A 

T. 

p. 

R. 

July  21 

8:00  a.m. 

97.8 

68 

4:00  P.M. 

98.4 

74 

July  28 

8:00  A.M. 

97.8 

68 

4:00  P.M. 

98.8 

76 

20 

July  29 

8:00  A.M. 

97. 

68 

18 

4:00  P.M. 

98.2 

CASE   X-B 

80 

Tulv  11 

7:30  A.M. 

97.8 

78 

4:00  P.M. 

98.4 

80 

July  2Z 

8:00  A.M. 

97.6 

11 

July  24 

8:00  A.M. 

97. 

16 

4:00  P.M. 

98.6 

1& 

July  25 

8:00  A.M. 

97.6 

78 

4:00  P.M. 

98.6 

78 

Julv  27 

8:00  A.M. 

98.4 

74 

July  28 

8:00  A.M. 

97. 

68 

July  29 

8:00  A.M. 

Normnl 

4:00  P.M. 

98. 

CASE   X-C 

76 

Julv  23 

10:00  P.M. 

97.6 

70 

19 

Julv  24 

8:00  A.M. 

97.6 

74 

20 

4:00  P.M. 

98.2 

76 

20 

July  25 

8:00  A.M. 

98. 

74 

18 

4:00  P.M. 

98. 

74 

July  26 

8:00  A.M. 

97.8 

74 

4:00  P.M. 

98. 

76 

July  27 

8:00  A.xt. 

97.8 

74 

4:00  P.M. 

98.4 

74 

July  28 

8:00  A.M. 

97.4 

76 

18 

4:00  P.M. 

98.6 

80 

20 

July  29 

8:00  A.M. 
4:00  P.M. 

97.6 
98.2 

CASE  X-D 

76. 

Normal  X 

ormal 

Normal 

Urine  .. 

\ND  Beood  Urea 

PHYSICAL  AND  CHEMICAL 

CHARACTERISTICS 

OF  THE  URINE 


Clear 
A.*  Acid      1022      Neg.      Neg.      Neg.      Neg.      Neg.      0.38      Normal.      Negative. 

B.**  "        1020      Neg.      Neg.      Neg.      Neg.      Neg.      0.54      Clear-Normal.     Negative. 

C.*»*         "        1020      Neg.      Neg.      Neg.      Neg.      Neg.      0.78  "  " 

D.****       "         1030      Neg.      Neg.      Neg.      Neg.      Neg.      0.56  "  "  Numerous   leucocytes,    other- 

wise  negative. 

PHENOUSUI.PHONEPHTHALEIN     TEST 

A.  10   mill,    plus    1st    hr".  60%    excreted.  2nd    hr.    15%.  Total    75%. 

B.  10   min.    plus    1st    hr.  50%    excreted.  2nd    hr.    30%.  Total    80%. 

C.  10   min.    plus    1st    hr.  55%    excreted.  2nd    hr.    20%.  Total    75%,. 

Note. — These  were  all  comparatively  mild  cases,  and  they  were  used  more  or  less   a.s  controls. 

*A.     Had    had    large   burns   of   the   feet   and   smaller   ones   of   the   hands.      His    face    was   erythematou: 
and  his  eyes  showed  acute  congestion  on  the  more  or  less  chronic  conjunctivitis. 
**B.     Had   had   severe   hand   burns,   and  a  very   intense   conjunctivitis. 
***C.     Had  had  a  chronic  mild  conjunctivitis,   and  an  aphonia. 
****D.     Had  no  signs  of  irritation. 


blood:     These  cases  showed  no  blood  changes. 
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r.KXI'.KAl,    DISCfSSION    OI"    T 1 1 K    KKSri.TS 

The  chemical  ami  microscopic  lalioratory  examinations  were  carrefl  out 
as  completely  as  was  possible  and  llie  nej^ative  results  were  charted  as  well  as 
the  positive  patholoj^ic  findings.  The  nejijative  results  will  serve  not  only  as  a 
guarantee  that  the  specific  examinations  have  heen  made,  but  will  also  furnish 
a  broader  basis  f(jr  further  work  along  this  line.  Some  reactions  were  found 
to  be  negative  throughout  the  series  of  cases.  Fehling's  solution  failed  to  re- 
veal any  glucose  or  other  reducing  substance  in  these  urines.  The  dilute  fer- 
ric chloride  test  never  gave  the  heat  labile  Ikirgundy-red  reaction  of  diacetic 
acid,  and  on  tliis  basis  a  definite  acidosis  is  ruled  out.  Of  course  we  can  not 
conclude  anything  concerning  the  height  of  tiie  alkali  reserve  of  the  blood  from 
this  finding.  It  may  be.  and  probably  is,  quite  low  as  we  may  roughly  con- 
clude from  the  markedly  acid  urinary  reaction  and  the  sediment.  Ehrlich"s  sul- 
phanilic-hydrochloric  acid  and  sodium  nitrite  reaction  for  diazo  substances  was 
found  to  be  negative  in  every  instance.  Xo  melanin  reaction  was  ever  noted  in 
the  several  bromine  water  oxidizing  tests  for  the  pigment.  Bile  pigments  were 
never  found  in  the  urine  in  quantities  sufficient  to  give  the  play  of  colors  with 
fuming  nitric  acid,  and  the  foam  test  was  always  negative. 

The  daily  24-hour  urinary  output  was  at  first  verv-  low  in  most  cases, 
and  the  specific  gravity  was  correspondingly  high  with  the  exception  of  Case  I 
and  Case  II.  In  Case  I.  there  was  no  urine  output  during  the  last  24  hours 
of  life,  but  the  anuria  was  not  absolute  as  there  were  found  60  c.c.  of  urine  in 
the  bladder  at  autopsy.  However,  catheterization  nine  hours  before  death  had 
failed  to  produce  a  specimen.  In  Case  II,  there  was  intense  thirst,  and  the 
polydipsia  kept  the  urinary  secretion  fairly  high  and  the  concentration  fairly 
moderate.  In  all  the  other  cases  the  forced  ingestion  of  fluids  brought  the  ur- 
ine output   fairh-  high  and  reduced  the  concentration. 

The  urine  in  these  cases  showed  uniformly  a  high  acidity.  The  degree  of 
acidity  was  in  proportion  to  the  severity  of  the  case  and  was  only  slightly  re- 
duced even  with,  the  marked  dilution  of  the  urine  due  to  forced  ingestion  of 
fluids.  The  specific  gravity  varied  with  the  urinary  output;  it  was  high  at  first, 
but  became  lower  with  the  dilution  of  the  urine.  The  amount  of  albumin  pres- 
ent was  greatest  in  the  most  severe  cases  and  gradually  decreased  with  the 
scientific  management  of  the  cases  and  disappeared  first  in  the  less  severe  cases 
and  eventually  even  in  the  more  se\'ere  cases.  In  the  mildest  cases.  Case  IX 
and  Case  Group  X,  no  albuminuria  was  ever  detected. 

The  urine  urea,  both  the  percentages  and  the  quantitative  outputs,  and  the 
urine  chlorides,  percentages  and  quantitative  outputs,  were  low  at  first  m  all 
fairly  severe  cases,  but  under  the  treatment  the  output  of  these  substances  grad- 
ually increased  in  amount,  and,  in  the  milder  cases,  reached  a  fairly  normal  level. 
These  figures  serve  as  a  fair  index  of  the  im])aired  renal  functional  efficiency, 
especially  when  considered  with  the  blood  urea,  and  an  ai>proximate  average 
of  the  sodium  chloride  intake. 

The  onlv  trace  of  any  pathologic  pigment  in  the  urine  was  the  reaction  of 
the   urine   to   dimethvlaniinobenzaldehyde    for   urobilinogen   in   the   severe   cases, 
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Cases  II  and  111  onlw  This  nii^s^lu  !)'.■  interpreted  as  indicatinjr  a  slii^lu  leiiiitorary 
functional   ini])airment  of  the  liver. 

The  microscopic  examination  of  the  centrifugatcd  urine  sediment  substan- 
tiates the  diagnosis  of  renal  irritation  that  was  made  on  the  basis  of  the  chem- 
ical and  physical  examination  of  the  urine.  The  quantity  of  pathologic  constit- 
uents in  the  sediment  corresponded  exactly  with  the  severity  of  the  cases  as 
indicated  bv  other  findings.  There  were  hxaline  and  granular  casts,  red  and 
white  l)l()od  cells,  renal  and  bladder  ei)ithelial  cells,  anK)ri)hous  urates  and  uric 
acid  crystals  in  great  numbers.  At  times  calcium  o.xalate  crystals,  and  only 
occasionally,  the  sediment  of  alkaline  fermentation,  triple  phosphates,  ammo- 
nium urates  and  calcium  carbonates,  were  found.  The  sediments  all  improved 
markedly  and  cleared  up  under  the  physiologic  therapy  that  was  applied. 

The  blood  ureas  ranged  from  10  mg.  per  100  c.c.  of  blood  in  the  most 
severe  cases  to  26  mg.  per  100  c.c.  of  blood  in  the  least  severe  cases.  These 
findings  together  with  the  diminished  urea  output  may  be  taken  as  evidence  of 
a  renal  insufliciency. 

The  phenolsul])honephthalein  excretion  tests  could  not  be  made  until  the 
renal  condition  had  practically  cleared  up,  so  far  as  could  be  determined  by 
the  chemical  and  microscopic  examinations  of  the  urine.  The  amounts  ex- 
creted were  high,  to  the  extent  of  e\en  suggesting  a  hyperpermeability.  In  only 
one  case  (Xo.  Ill)  was  there  any  indication  at  all  of  a  slow  excretion  of  sub- 
stances. 

Most  of  the  hematologic  work  on  our  cases  was  done  between  the  tenth 
and  fourteenth  days  after  the  gassing.  There  was  noted  a  slight  decrease  in 
the  number  of  erythrocytes,  this  decrease  was  most  marked  in  the  more  severe 
cases.  In  Case  T,  the  count  ran  as  low  as  three  and  one-half  million  red  blood 
cells  with  a  hemoglobin  of  70  per  cent,  a  fairly  severe  secondary  anemia.  Even 
this  most  severe  case  on  the  tenth  day  after  the  gassing,  nine  hours  before  death, 
showed  a  persistent  fairly  high  leucocytosis  and  no  signs  of  a  terminal  leuco- 
penia  in  spite  of  a  definite  loss  of  resistance  against  the  destructive  process  and 
the  secondary  infection.  This  case  showed  an  apparent  decrease  in  the  number 
of  blood  platelets  which  finding  dififers  from  that  in  all  the  succeeding  cases, 
though  the  later  smears  in  Case  II  toward  the  end  also  showed  fewer  platelets, 
while  the  earlier  smears  showed  a  marked  increase  in  the  numbers  of  these  con- 
stituents. 

Case  II,  as  all  the  other  succeeding  cases  except  the  last  one,  showed  a 
more  moderate  anemia  with  the  erythrocyte  count  not  falling  below  four  mil- 
lion and  the  hemoglobin  totaling  about  75  per  cent.  The  leucocyte  counts  in 
Case  II  were  seen  to  fall  from  a  29,700  leucocytosis  at  the  tenth  day  to  a  10,- 
800  leucocytosis  on  the  twenty-fifth  day,  the  day  on  which  he  died.  This  was 
taken  as  an  index  of  the  gradual  loss  of  ground  or  resistance  in  the  fight.  The 
count  remained  high  enough  even  at  the  end,  to  be  considered  a  mild  leucocy- 
tosis. The  blood  platelets  were  markedly  increased  at  first,  l)ut  were  not  so  at 
the  end. 

Case  III,  aside  from  the  slight  secondaiy  anemia,  showed  a  very  gradual 
drop  from  a  leucocytosis  of  25,000  to  one  of  15,000.  This  drop,  however,  was 
accompanied  by  a  gradual  general  imj^roAcment  and  a  clearing  u])  of  the  slough- 
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iiii^'  .111(1  scHoiidaiy  infection.     TIktc  is  also  a  (lelMiile  incrcaNC  in  liie  number  of 
lilood   plaU'lt'ts. 

Case  IV  showed  the  ^lii,dit  secondary  anemia  anrl  a  marked  leucocytosis  of 
25,000  two  weeks  after  ha\inj(  heen  gassed. 

Case  V  showed  also  the  slijjht  secondary  anemia  and  a  leucocytosis  of  21,- 
200.     The  hlooil  i)latelets  were  also  noted  to  he  increased  in  numbers. 

Case  \'l  showed  also  a  mild  secondary  anemia  and  a  moderate  leucocytosis. 
The  blood  plateU'ts  were  also  noticeably  increased. 

Case  VI 1,  tile  least  severe  of  the  series  of  generally  gassed  cases,  showed 
no  secondary  anemia.  A  fairly  hi,t,di  leucocytosis,  about  20.000,  was  founrj,  in 
spite  of  the  absence  of  an\-  marked  suppuration  or  generalized  secondary  infec- 
tion. 

Summarizing  the  stud\'  of  the  blood  in  these  seven  cases  of  severe  mustard 
gas  burns  we  see  that  it  shows  a  secondary  anemia  (reduction  of  both  the  num- 
ber of  red  blood  cells  and  the  hemoglobin),  a  ])olymorphonuclear  leucocytosis 
with  disturbances  in  the  differential  count,  such  as  an  increase  in  the  number  of 
bone  marrow  elements  (myelocytes,  myeloblasts,  bone  marrow  mononuclears 
and  lymphocytes)  and  a  definite  eosinophilia.  An  excess  of  young  forms  of 
white  cells  is  found.  There  is  also  an  apparent  increase  in  the  number  of  blood 
platelets.  No  evidences  of  hemolysis  were  found.  A  very  few  red  blood  cells 
showing  polychromasia  and  stijipling  were  seen.  There  was  no  leucopenia  ob- 
served in  any  of  these  cases,  either  during  the  course,  or,  in  the  two  fatal  cases, 
as  an  agonal  phenomenon.  The  diiTerential  count  indicates  a  disturbance  of 
the  bone  marrow  in  the  white  cell  forming  group  rather  th.an  in  the  red  cell 
forming  group.  These  changes  can  perhaps  be  explained  by  the  coincident  in- 
fection of  the  skin  lesions  and  the  respiratory  tract,  which  all  of  these  cases 
show^ed  to  a  greater  or  less  degree.  The  blood  changes  ran  a  fairly  parallel 
course  to  the  severity  of  the  infection.  The  eosinophilia  can  be  referred  to  the 
skin  condition,  perhaps  also  to  the  bronchial. 

Under  the  miscellaneous  laboratory  examinations  we  must  include  the  find- 
ings in  the  s|)uium.  In  general  we  may  say  that  the  si)utum  was  never  blood- 
tinged  but  was  always  more  or  less  mucopurulent  in  character  depending  on  the 
severity  of  the  pulmonary  aitection.  In  Case  111  with  a  bronchopneumonia  the 
sjnitum  was  most  i)urulent.  frothy  and  markedl}-  foul  in  odor,  and  abundant  in 
amount.  (Jn  one  occasion  the  patient  expectorated  a  pinkish  fibrin-like  cast  of 
a  bronchus.  Smears  of  this  material  were  found  to  contain  a  mixed  culture  of 
streptococci  and  one  of  the  long  thick  bacillary  types  of  organisms  that  are  found 
in  the  mouth.  It  seemed  rational  to  consider  these  organisms  as  the  probable 
etiologic  factors  in  the  secondary  bronchopneumonia  in  this  case. 

The  examination  of  the  feces  morphologically  was  negative  in  most  cases, 
but  in  Case  II  at  increasing  intervals  during  the  last  two  weeks  of  his  life  the 
patient  passed  bright  red  and  some  slightly  changed  blood  in  his  involuntary 
stools.  In  his  last  few  days  the  amount  of  blood  passed  gradually  increased  as 
the  patient   grew   weaker. 

Smears   of   the  young    furuncles   and   pus    from    the   old    furuncles   always 
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showed  a  few  groups  of  slaphyloeoeei,  many  degeneraling  polynuclear  leuc(^- 
cytes  aiul  much  deliris. 

The  temperature  charts  showed  fe1)rilc  reactions  with  corresponding  pulse 
and  respiration  rise,  onI\-  (hn-ing  the  presence  and  persistence  of  secondary  in- 
fection. The  higli  pulse  rate  in  tlie  se\erer  cases  wouUl  lead  one  to  sus])ect  myo- 
carchal  iniurv.  This  suspicion,  however,  is  not  substantiated  hy  the  i)athologic 
examination  of   the  heart  muscle  at   autopsy. 

Comparing  our  results  with  the  few  reports  of  research  along  similar  lines 
found  in  the  literature,  the  only  one  of  any  importance  on  blood  changes  due  to 
gassing  is  that  of  Miller  {Jounml  of  the  Royal  Army  Medical  Corps,  January, 
1918,  XXX,  p.  76).  After  an  extensive  amount  of  work  he  reported  a  new  blood 
change  in  gas  poisoning  as  follows: 

1.  In  cases  of  gas  poisoning  in  which  symptoms  persist,  there  is  an  in- 
crease in  the  number  of  lymphocytes  relative  and  absolute  in  the  circulating 
blood.  In  slight  cases  this  may  not  be  beyond  the  normal  limits  or  in  excess  of 
what  may  be  met  with  from  other  causes.  In  any  marked  case,  however,  the 
changes  are  sufficiently  striking  to  be  of  some  importance  in  cases  where  the 
medical  oflicer  is  in  doubt  as  to  the  reliance  to  be  placed  upon  the  statements  of 
men  complaining  of  having  been  gassed. 

2.  The  blood  change  is  elicited  by  a  differential  count  of  the  leucocytes,  and 
it  mav  be  taken  that  a  count  in  which  the  percentage  of  lymphocytes  approaches 
that  of  the  polymorphonuclear  leucocytes  indicates  that  the  patient  is  still  suf- 
fering from  the  effects  of  the  gassing,  i.  e.,  provided  there  is  no  other  complicat- 
ing disease  present  which  might  j^roduce  a  similar  change.  A  slight  relative 
Ivmphocvtosis  is  not  an  uncommon  finding  in  men  from  overseas,  or  in  anyone, 
so  that  no  great  reliance  can  be  placed  upon  the  signs  unless  the  percentage 
of  lymphocytes  approaches  closely  that  of  the  polymorphonuclear  cells. 

3.  The  cell  which  is  increased  is  the  ordinary  small  lymphocyte  of  the 
blood.  There  may  be  in  some  cases  a  diminution  in  the  number  of  polymor- 
phonuclear leucocytes  which  will  of  course  accentuate  the  sign,  but  the  increase 
of  lymphocytes  is  an  absolute  one.  Morever,  it  appears  in  cases  with  a  high 
leucocyte  count. 

4.  The  change  is  one  which  develops  early,  probably  within  a  month  of  the 
gassing  and  continues  for  a  long  timiC ;  in  cases  with  persistent  symptoms  for 
at  least  eighteen  months. 

5.  The  change  appears  to  be  independent  of  the  kind  of  gas  and  it  is  shown 
bv  patients  exhibiting  many  varieties  of  symptoms. 

Our  findings  are  not  in  accord  with  the  above  conclusions  for  all  gases,  and 
our  cases  may  not  be  comparable  with  his.  It  seems  to  us  to  be  questionable 
whether  Miller  studied  and  included  the  blood  findings  in  cases  of  mustard  gas 
poisoning.  He  mentions  only  the  two  groups  of  drift  gases  and  shell  gases, 
and  does  not  differentiate  the  subclasses  chemically  at  all.  His  last  article  pub- 
lished early  this  year  came  late  enough  to  have  the  blood  changes  produced  by 
mustard  gas  included,  yet  no  mention  is  made  of  it  and  on  the  basis  of  the 
symptoms  described  we  can  noi  conclude  that  dichlorethylsuli)hide  cases  were 
studied   in  this   series.     \\'e   discuss   this   paper   because   Miller   claims  that   his 
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si,ii['i  i^  ])|■t■•^t-■1U  ii)  .ill  ( liiDiiic  j^assed  cases  rej^anlless  of  the  kind  ui  j^as  to  which 
[hex  li.id  licni  exposed  aii<l  independent  of  the  syniptomatolrjj^y  presented. 
'I'iien,  loo,  the  ]iatholoi,Mc  con(htions  which  he  favors  as  the  most  jjrohable 
etiologic  faclor  in  ilic  i)ro(kKlion  of  ihc  lymi)hocytosis,  that  is  the  chronic  in- 
flammatory chanj^'e  in  the  respiratfjry  tract  anrl  in  the  gastric  mucosa  could  ver)' 
well  be  present  in  chronic  mustard  gas  cases.  We  do  not  think  that  such  con- 
clusions can  1)0  drawn  for  all  types  of  gassing  as  yet,  hut  the  decision  must  rest 
with  the  results  obtained  frotn  further  studies  of  cases  in  which  the  chemical 
nature  (jf  the  gas  is  known. 

Moreover,  our  findings  do  not  agree  at  all  w  ith  those  of  Pissarello  ;  but  it  is 
possible  that  his  negative  findings  in  the  urine  were  due  to  the  mild  character 
of  his  cases,  corresponding  to  those  in  our  Case  Group  X. 

^landel  and  Gibson's  observation  on  the  frequency  of  albuminuria  in  cases 
of  mustard  gas  poisoning  is  confirmed  by  our  work. 

CONCLUSIONS 

1.  ]\Iild  cases  of  mustard  gas  burns  of  the  skin  show  no  changes  in  the 
blood  or  urine. 

2.  !\b)derately  severe  and  se\ere  cases  of  mustard  gas  burns  of  the  skin 
with  some  invohement  of  the  ujiper  respiratory  tract  show  after  the  first  week 
definite  changes  in  urine,  blood  urea  and  blood. 

3.  The  urinar}-  changes  consist  in  a  diminvition  of  the  urinary  output,  in- 
creased concentration  and  acidity,  albuminuria,  and  diminished  urea  and  chlo- 
ride output.  In  the  sediment  there  may  be  found  casts,  renal  epithelium,  red 
blood  cells  and  an  increased  number  of  leucocytes.  Under  forced  fluids  prompt 
improvement  occurs. 

4.  Coincident  with  these  urinary  changes  the  blood  urea  is  found  to  be 
high,  but  approaches  normal  with  the  improvement  in  the  urinary  condition  when 
fluids  are  forced. 

5.  The  blood  shows  a  slight  secondaiy  anemia  with  a  well-marked  poly- 
morphonuclear leucocytosis,  a  definite  eosinophilia,  and  the  appearance  of  mye- 
locytes and  young  forms  of  leucocytes.  The  blood  platelets  were  usually  in- 
creased. Xo  evidence  of  hemolysis  was  found.  These  changes  indicate  a  dis- 
turbance in  the  white  cell  formation  rather  than  in  the  red  blood  cell  group.  No 
leucopenia  was  noted  at  any  time.  The  leucocytosis  reached  its  height  coinci- 
dently  with  the  height  of  the  secondary  infection  and  fell  with  the  improvement 
of  the  infection. 

6.  The  temperature,  pulse  and  respiration  charts  show  in  the  severe  cases 
an  initial  period  of  shock,  \\ith  the  development  of  the  necrosis  and  the  sec- 
ondary infection  there  is  a  corresponding  febrile  reaction. 

7.  The  bacteriologic  examination  of  the  infected  skin  lesions  and  furun- 
cles showed  constantly  the  presence  of  staphylococcus  pyogenes  aureus.  In  the 
one  bronchial  cast  obtained  streptococci  were  present. 

8.  \\"e  believe  that  the  changes  in  the  blood  and  urine  may  be  interpreted 
as  dependent  upon  the  secondar\-  infection  and.  in  jiart,  possibly,  to  the  absorp- 
tion of  toxic  products  from  the  necrotic  skin,  rather  than  to  any  direct  toxic 
action  of  mustard  eras. 
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IS  there  any  excuse  for  a  communication  on  the  general  thef>rv  of  chnical 
diagnosis r  vShould  not  one  in  llie  jtresent  concrete  state  of  medicine  apolo- 
gize for  any  gcncraHzation  or  theoretical  handling  of  a  U)\>\c  which  has  long  since 
passed  into  the  realm  of  the  dead?  If  medical  schools  rarely  nowadays,  and 
onlv  as  a  ciiriosuiii,  deal  with  the  sometime  familiar  disciplines  of  so-called 
medical  projiedeutics  and  the  logic  of  medicine,  is  it  not  for  the  very  good 
reason  that  medicine  no  longer  requires  any  propedeutics  or  any  special  over- 
hauling of  its  logic? 

I  have  two  possif^ly  tenuous  excuses  for  the  attempted  resurrection,  namely, 
first,  that  it  is  a  canon  of  mental  hygiene  to  get  in  imagination  as  far  away  as 
possible  from  our  terrible  environment ;  and  secondly,  that  the  realm  of  dead 
notions  somewhat  well  befits  a  pathologist  who  has  gone  into  psychiatr}-. 

Speaking  to  a  group  of  eminent  clinicians,  I  need  not  insist  that  I  myself 
make  no  claims  to  being  a  diagnostician  of  the  first  water.  But  just  as  more  or 
less  valuable  books  on  elocution  are  written  by  persons  without  color  or  pre- 
tence of  oratorv,  so  perhaps  one  who  is  not  an  especially  good  diagnostician 
niav  descant  humbly  on  the  matter.  Some  five  years  ago,  when  I  became  di- 
rector of  the  newly  founded  Psychopathic  Hospital  in  Boston,  it  became  for 
the  first  time  my  duty  to  deal  concretely  with  a  large  series  of  clinical  diagnoses. 
To  be  sure,  before  that  time,  and  in  fact,  in  the  year  1909,  I  had  been  charged 
with  the  task  of  supervising  the  clinical  and  pathologic  research  work  of  the 
state  institutions  for  the  insane  of  Massachusetts,  and  had  already  at  that  time 
begun  to  agitate  upon  the  manifest  errors  in  diagnosis  which  appeared  in  a  small 
but  definite  minority  of  cases  of  mental  disease  in  these  institutions,  as  tested  by 
the  stern  criteria  of  the  autopsy  table.  I  took  an  especial  interest  in  errors  of 
diagnosis  in  that  mental  disease  entity,  about  which  we  know  the  most,  namely, 
general  paresis,^  and  found  that  one  of  the  most  active  and  thoroughly  educated 
state  hospital  staffs  in  the  country,  namely,  that  of  the  Danvers  State  Hospital, - 
was  none  the  less  able  to  make  an  error  of  anywhere  from  5  to  15  per  cent, 
according  to  the  fineness  of  the  criteria  adopted  in  the  disease  general  paresis. 
After  all,  this  work  and  sundry  other  articles  by  my  associates  and  myself^-''-^'® 
remained  quite  upon  the  theoretical  or  unapplied  level. 

Suddenly,  in  1912,  I  was  translated  to  a  region  in  which  exceedingly  rapid, 
not  to  say  provisional,  or  not  to  say  "snap"  diagnoses  had  to  be  rendered  in 
what  almost  any  one  would  concede  was  the  most  difficult  field  of  clinical  diag- 
nosis, namely,  the  diagnosis  of  mental  disease.  When  it  is  remembered  that 
the  task  at  the  Psychopathic  Hospital  is  largely  the  temporary  care  of  acute, 
incipient,  and   curable  cases  together  with  a   consideration  of  all   the  most  du- 
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hioiis  cases  in  the  Cdmimuiily,'  it  will  he  seen  that  the  prohleni  of  a  rea- 
sonaI)ly  accnrale  diagnosis  in  these  eases  is  not  at  all  easy.  It  is  nec- 
essary to  renieniher,  also,  that  our  task  is  not  that  of  the  alienist  so  much  as  that 
of  the  psychiatrist,  emplo}-in,i^  these  terms  in  the  differential  sense  recently  ad- 
\-ocated  in  a  paper  on  the  nonienclatiux'  of  mental  liN-^nene.''  It  is  not  the  task 
of  the  Psychojxithic  Hospital  to  determine,  except  in  a  minority  of  cases,  the 
committahility  or  survi\'al)ility  of  its  ])atients.  Of  the  first  5000  discharges  from 
the  Psycho])athic  Il()s])ital,  o\er  1700  were  discharged  as  "not  insane,"  a  term 
which  signifies,  not  that  the  ])atients  had  recovered,  but  that  they  were  re- 
garded as  not  having  heen  insane  during  their  stay  at  the  hospital  (the  recoveries 
are  over  and  above  the  1700  "not  insane").  In  short,  the  task  here  is  one  of 
securing  a  basis  for  treatment  and  counsel  for  cases  that  lie  often  entirely  with- 
out the  purview  of  governmental  control  as  mechanized  by  the  probate  courts. 
A  large  part  of  our  pr(jhlem  is  medical  in  the  strict  sense  and  not  medicolegal. 
I  may  be  pardoned  for  insisting  upon  this  peculiar  and  almost  unique  fea- 
ture of  the  Psychopathic  Hospital  work  in  Boston,  because  not  even  my  col- 
leagues in  the  specialty  of  mental  diseases  have  readily  grasped  the  point. 
Alioiists  are  a  type  of  physician  specializing  in  medicolegal  practice,  and  their 
task  is  to  determine  alienation ;  that  is,  the  theoretical  or  practical  committability 
of  their  cases  in  the  interest  of  the  iniblic  welfare.  PsycJiiatrists  are  a  type  of 
physician  specializing  in  mental  diseases  on  a  much  broader  basis,  namely,  the 
basis  of  finer  diagnoses,  involving  groups  of  mental  disease  and  defect,  and  the 
psychopathic  trends  which  fall  short  of  defined  psychoses  and  even, the  quick- 
sand topics  of  eccentricity,  crankiness,  and  oddity.  Alienistics, — a  medicolegal 
field, — is  pretty  sharply  distinguished  from  practical  psychiatry, — a  medical  field. 
A  good  psychiatrist  ought  to  be  able  to  accommodate  himself  to  governmental 
groups  well  enough  to  be  a  good  alienist;  but,  on  the  other  hand,  many  a  good 
alienist  who  has  dealt  for  years  with  the  category  of  committability  only,  Is 
unable  quite  to  see  the  point  of  a  diagnosis  of  "Psychotic,  not  insane,''  or  of 
"Psychopathic,  not  insane."  The  question  of  nomenclature  is  subordinate;  but 
aside  from  the  question  of  nomenclature,  if  the  practitioner  can  not  grasp  the 
distinction  between  insanity  in  the  medicolegal  sense  and  mental  disease  in  the 
medical  sense,  he  is  a  man  unable  to  keep  pace  with  the  modern  progress  in 
psychiatry. 

What,  we  may  ask,  has  the  question  of  psychopathic  hospital  diagnosis  of 
psychoses  that  fall  short  of  insanity  to  do  with  the  topic  assigned  for  this  com- 
munication? How  does  this  work  fit  into  a  discussion  of  the  general  theory  of 
clinical  diagnosis?  Psychiatrists  have  always  taken  a  good  deal  of  interest  in 
classification.  I  will  remind  you  only  of  the  eminent  instance  of  Pinel,  who  in 
1809,  published  a  nosographia  rncthodica,  which  is  one  of  the  best-known  of  the 
old  nosologies,  a  very  good  general  view  of  which  is  gi\en  in  Hosack's  pub- 
lication in  1819.°  I  am  afraid,  however,  that  most  modern  practitioners,  and 
especially  in  America,  would  be  apt  to  deride  it  as  out  of  date,  if  not  funda- 
mentally beside  the  point  of  these  adventures  in  classification.  Of  course  these 
scoffers  have  the  entire  interest  of  science  against  them  in  their  scoffing.  Ihit  the 
modern  practical   fellow,  especially  the  ])ragmatic  American,  little  recks  such  a 
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small  iiiattir  ris  consistency  with  llu-  j^'cniral  history  of  science.  Xor  will  I 
attempt  to  defend  the  vari(nis  excesses  of  nomenclature  to  which  my  psychiatric 
superi(jrs,  hoth  in  point  of  time  and  in  point  of  capacity,  have  sometimes  i>er- 
petrated.  It  is  anotlur  (pieer  way  which  Americans  (and  J  suspect  other  mod- 
erns) have,  namely,  [o  confuse  the  tcjpic  of  n(;menclature  with  the  topic  of 
classification.  Classify inj^  for  these  persons  means  assif,mins  a  name.  To  lie 
sure,  a  slij^dit  re-reading  of  that  apostle  of  clarity,  John  Stuart  Mill,  would 
perhaps  set  these  confused  minds  aright.  Still  f  suppose  it  is  too  much  to  a>k 
of  them  to  re-read  even  a  few  cha])ters  of  Mills  System  of  Logic. 

What,  after  all,  constitutes  diagnosis?  I  do  not  know  whether  the  Har- 
vard Medical  School  curriculum  is  less  logical  than  those  of  other  medical 
schools  that  the  American  Medical  Association  terms  Class  A,  but  it  is  very 
hard  to  get  from  a  Har\ard  Medical  School  student  at  any  stage,  even  imme- 
diately after  securing  his  M.D.,  an  adequate  definition  of  the  terms  diagnosis, 
symptom,  and  the  like.  Yet  would  any  one  of  us  suppose  that  these  terms  can 
be  safely  dispensed  with  in  ])ractice  or  in  theory?  And  even  if  you  could  some- 
how show  that  a  pragmatic  view  of  medicine  might  throw  overboard  altogether 
the  distinction  between  disease  entity  and  disease  symptom,  nevertheless  the 
books  are  full  of  these  terms  used  in  a  variety  of  ways,  and  I  am  sure  it  ought 
to  be  the  duty  of  every  medical  course  to  ofTer  some  pabulum  (whether  pro- 
pedeutic or  by  way  of  appendix)  on  these  matters,  which  were  doubtless  com- 
prised in  the  forgotten  and  discounted  field  of  so-called  Medical  Logic. 

Many  a  favorite  textbook  in  the  i^ractice  of  medicine  fails  to  make  anv  point 
whatever  of  this  distinction,  and  plumps  one  forthwith  into  a  discussion, — e.  g.,  of 
typhoid  fever, — jauntily  assuming  that  the  student  somehow  knows  by  intuition 
the  meanings  of  the  terms,  definition,  entity,  diagnosis,  symptom,  symptom-com- 
plex, syndrome,  and  the  like.  Perhai)s,  however,  it  is  better  to  leave  out  gen- 
eral remarks  in  this  direction  than  to  ])ut  in  some  which  are  found  in  certain 
other  textbooks  that  have  run  into  many  editions.  StriimpelF"  makes  no  spe- 
cial point  of  the  matter  but  insists  in  a  preliminary  note  upon  the  importance  of 
diagnosis,  of  clinical  observation,  and  of  keeping  the  common  courses  of  all  dis- 
eases in  mind.  Here,  perhaps,  is  the  most  commonplace  remark  nowadavs 
about  diagnosis :  diagnosis,  namely,  is  constituted  by  observation,  according  to 
these  authors.  In  fact,  there  is  one  textbook  (Wilson")  that  summarily  states 
upon  its  title  page,  that  the  whole  art  of  medicine  is  in  observation.  On  a  later 
page,  it  is  insisted  not  quite  so  broadly,  that  "It  is  certainly  true  that  the  art  of 
diagnosis  is  an  art  of  observation;"  and  again,  "The  facts  of  pathology-  and 
semiology  and  the  natural  history  of  the  diseases  constitute  the  basis  of  diag- 
nosis." This  latter  statement  seems  almost  equivalent  to  the  statement  that  the 
facts  of  disease  are  the  basis  of  diagnosis,  which  may  be  in  one  sense  true,  but 
is  so  little  helpful  that  it  might  well  be  left  unsaid.  Another  recent  author 
(HalF-)  states  that  "The  art  of  diagnosis  consists,  then,  in  gathering  all  ac- 
cessible data  and  arriving  at  that  conclusion  which  seems  the  most  reasonable 
as  the  probable  cause  of  the  trouble."'  This  definition  evidently  goes  beyond 
the  former,  namely,  "Diagnosis  is  constituted  by  observation."  by  considering 
that  the  reason  is  necessary  over  and  above  observation.  Put  in  these  terms, 
of  course  no  one  of  us  would  care  to  say  that  diagnosis  consists  in  gathering 
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data.  Put  liaUlly,  il  is  certainly  untrue  to  sa}'  that  the  collectinjj^  of  facts  con- 
stitutes the  art  of  distinjj^uishiiij;'  amongst  these  facts.  Yet  the  wliole  trend  of 
recent  work  runs  in  the  direction  of  insisting  upon  observation  at  the  expense 
of  reason.  And.  whether  or  no  we  teachers  are  entirely  clear  in  our  own  minds 
as  to  the  distinction  between  diagnosis  and  the  mere  recognition  of  fact  as 
such,  certainly  our  students  are  not  always  clear.  A  student  will  give  the  "diag- 
nosis" fcz'cr  or  rose  spot,  when  he  would  scoff  at  making  the  "diagnosis,"'  It  is 
raiiiiiu;,  or  The  ciuTnw  is  ski/'piiu/.  If  this  lie  diagnosis,  make  the  most  of  it! 
Of  course,  diagnosis  is  clearly  a  form  of  recognition,  a  form  of  knowledge,  but 
there  seems  to  be  no  warrant  in  raising  every  elementary  form  of  awareness, 
kemiing.  or  recognitimi  to  the  le\el  of  diagnosis,  which  term  bears  within  itself 
a  manifest  prefix,  suggesting  distinction,  difTpcrentiation,  sundering.  All  my 
own  medical  teachers,  and  T  do  not  doubt  the  majority  of  those  of  my  listeners, 
insisted  upon  the  value  of  accurate  obse'-vation.  Few  of  them  insisted  upon 
the  importance  of  correct  reasoning.  Most  of  them,  I  take  it,  partly  as  a  mat- 
ter of  self-defense  as  they  were  growing  older,  were  quite  sure  that  maturity  of 
judgment  was  a  thing  not  readily  attained.  It  never  seemed  to  occur  to  these 
teachers  that,  as  the  powers  of  observation  were  on  y^-e  wane,  the  powers  of  right 
judgment  were  to  increase.  In  brief,  these  teachers,  without  ever  once  using 
the  term  logic,  and  hardly  ever  the  term  reason,  managed  ld  get  into  their  homilies 
for  students  the  idea  that  there  was  something  besides  observation,  namely,  what 
they  called  common  sense  or  knowledge  of  fundamentals,  or  keeping  essential 
cases  in  mind,  or  ripeness  of  clinical  experience,  and  the  like. 

Though  I  believe  some  course  in  propedeutics  might  well  l)e  constructed  to 
contain  the  main  principles  of  the  logic  of  medicine,  yet  that  is  not  the  pomt  of 
the  present  argument.  Basing  my  notion  upon  the  practical  experience  of  the 
last  few  years., in  which  I  have  had  contact  with  clinical  diagnosis,  always  with 
the  autopsy  criterion  more  or  less  consciously  in  mind,  I  want  to  argue  for  a 
more  extensive  application  of  the  principle  of  logic  in  practical  diagnosis,  and 
especially  the  practical  diagnosis  of  the  tyro.  Perhaps  you  will  think  my  argu- 
ment is  nothing  more  or  less  than  a  rehabilitation  of  the  diagnosis  by  exclusion 
of  the  older  authors.  To  some  extent,  the  argument  does  follow  that  line, 
though  the  arguments  have  been  derived  from  recent  ])ractical  experience  in 
ofif-hand  and  professional  diagnosis,  and  from  certain  logical  considerations. 
That  older  argument  is  found  very  well  expressed  in  DaCosta's  book  so  long 
ago  as  1864.^^  DaCosta's  book,  according  to  an  enthusiastic  Philadelphian  (Wil- 
son")marked  an  epoch  in  the  ]M-ogress  of  internal  medicine;  and  surely  many 
of  DaCosta's  distinctions  are  found  in  several  textbooks  built  upon  the  lines  of 
his  book  for  many  decades  after  1864.  DaCosta  distinguished  direct  and  in- 
direct diagnosis.  Indirect  diagnosis  by  exclusion,  according  to  DaCosta  "is  not 
on  ordinary  occasions  much  employed  nor  indeed  is  it  to  he  recommended" 
(italics  mine).  It  is  this  dictum  of  DaCosta  which  I  would  think  ought  to  be 
combated  in  any  summing  up  of  present-day  processes  in  diagnosis. 

The  reasons  why  DaCosta  felt  that  diagnosis  by  exclusion  was  not  to  be 
recommended  were  assigned  by  him  as  follows :  First,  "to  prove  what  a  thing 
is  by  proving  all  that  it  is  not,  is  a  very  tedious  process."  Secondly.  DaCosta 
went  on  to  say,  "it  is  difficult  to  think  of  all  the  possibilities."     And  thirdly,  he 
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said,  "pailiolo^y  is  in  an  iiiiixTtcTt  -late."  Xow,  as  for  tlie  latter  two  reasons, 
it  is  ckar  thai  the  procHss  ol  dirfci  iIiaj,'iiosis  is  c'f|ually  subject  to  the  pitfalls 
ot  iinperUit  iiailudoj^^y,  and  f(|uaily  subject  to  the  cliarj^e  that  it  is  hard  to  think 
ol  all  the  possihihlies.  I  myself  can  only  helieve  that  these  twfi  latter  so-called 
drawbacks  are  not  drawbacks  worse  for  diaj^nosis  by  exclusion  than  ff*r  any 
othir  form  of  diaj,mosis.  Accordin^dx ,  I  believe  that  DaCosta's  objection  to 
diafjnosis  by  exclusion  reduces  its  tediousness  ;  but  should  we  hesitate  to  say  to 
our  students  that  it  is  better  to  be  tedious  than  wronj^^?  The  technic  of  Da- 
Costa's process  may  be  elicited   in  his  own  words: 

"  i"<)  cite  a  case,  in  illustration.  A  person  consults  us  for  a  cough  brought  on  by 
exposure.  Ho  has  been  sick  for  four  or  hvc  days,  having  bec-n  previously  in  good  health. 
We  notice,  on  examining  him,  that  his  lireathing  is  hurried,  and  that  he  has  fever;  the 
lower  portion  of  one  side  of  tiie  chest  is  dull  on  percussion,  and  the  respiration  there  is 
wantin.u;  tlie  action  and  sounds  of  the  heart  are  normal.  The  facts  point  to  the  lung 
or  its  covering  as  the  scat  of  the  disorder.  We  know,  furthermore,  from  the  history 
and  the  febrile  symptoms,  thai  we  have  to  deal  with  an  acute  affection.  What  are  the 
acute  pulmonary  aiTections?  Acute  bronchitis;  acute  phthisis;  acute  pleurisy;  acute  pneu- 
monia, hi  all  there  is  fever,  cough,  and  impaired  breathing.  Is  it  acute  pneumonia?  Xo ; 
for,  notwithstanding  there  is  in  this  complaint,  in  addition  to  the  general  symptoms  men- 
tioned, dullness  on  percussion,  such  as  we  have  here,  the  dullness  is  associated  with  a 
blowing  respiration;  whereas  in  the  case  before  us  no  respiration  is  heard.  Let  us  look 
at  the  sputum,  and  see  if  it  is  tenacious  and  rusty  colored.  It  is  not;  it  is  thin  and  frothy. 
Moreover,  the  Iireathing,  although  hurried,  is,  when  counted,  found  to  be  less  hurried 
than  it  is  in  inflammation  of  the  lungs.  But  acute  pleurisy  may  explain  all  the  signs. 
The  patient,  too,  when;  questioned,  states  that  he  had  at  the  onset  a  sharp  pain  in  his 
side;  and  tiiis  we  are  aware  takes  place  in  pleurisy.  The  vocal  vibrations,  likewise,  are 
noticed  to  bC'  absent  on  one  side  of  the  chest,  which,  when  carefully  measured,  is  evi- 
dently enlarged.  This  corresponds  in  all  points  with  what  happens  in  pleurisy  in  the 
stage  of  eflfusion.  The  disease  is,  therefore,  acute  pleurisy  in  the  stage  of  effusion.  We 
finish  the  diagnosis  by  ascertaining  the  existence  or  nonexistence  of  other  maladies,  and 
by  taking  note  of  the  severity  of  the  complaint ;  that  it  has  occurred  in  a  young  and 
robust  person  of  good  habits;  and  that  the  symptomatic   fever  is  very  active." 

But  what  is  a  direct  diagnosis, — one  not  made  by  exclusion?  According- 
to  \\  ilson,  "A  direct  diagnosis  is  made  when  the  history  of  the  case  and  the 
clinical  phenomena  are  sufficient  to  warrant  a  positive  conclusion. "'  Wilson 
goes  on  to  say  that  a  diagnosis  by  exclusion  differs  from  differential  diagnosis 
only  in  scope.  Strange  as  this  phrase  may  sound,  it  strikes  me  that  there  is  a 
good  deal  of  truth  concealed  in  it.  I  feel  that,  so  far  from  admitting  with 
DaCosta,  that  diagnosis  by  exclusion  is  not  much  employed  or  to  be  recom- 
mended, practically  every  diagnosis  is  by  exclusion,  whether  consciously  or  un- 
consciously. 

IMusser-  remarks  concerning  diagnosis  that  '"die  data  collected  are  sufficient 
to  warrant  a  positive  conclusion.  The  direct  method  is  scientitic,  rational,  and 
most  practical.  It  is  a  practice  of  purely  inductive  reasoning."  I  am  not  sure 
whether  it  would  not  be  sounder  to  say  that  it  is  a  process  of  purely  deductive 
reasoning,  but  modern  logicians  have  conclusively  enough  proved  that  practi- 
cally all  reasoning  is  lK)th  inductive  and  deductive,  so  that  it  would  not  pay  to 
quibble  over  the  claim  that  direct  diagnosis  is  "a  process  of  purely  inductive 
reasoning."  As  to  the  method  of  diagnosis  by  exclusion,  JMusser  remarks,  '"Thus, 
a  symptom  group  may  suggest  several  diseases ;  each  aft'ection  must  be  passed  in 
review  and  excluded  until  one  is  found  which  closely  corresponds  to  the  data 
of  the  case  under  consideration."     In  short,  it  would   seem  that   diagnosis  bv 
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exclusion  is  an  ctilccl  ol  the  forcr  itiajcurc  of  complex  and  (jhscurc  data.  The 
halllc  is  easily  won  when  il  i-  a  (|ueslion  of  i)ercei\in<T  a  symptom  ar.d  suspect- 
ing^- a  disease,  whereupon  all  "the  data  collected  are  sut'hcient  to  warrant  a  posi- 
li\e  conclusion." 

Now,  possibly  it  is  the  complex  and  obscure  nature  of  mental  disc-ase  which 
has  caused  me  to  feel  that  diagnosis  by  exclusion  is  a  method  that  requires  re- 
habilitation in  the  minds  of  teachers  and  in  the  pages  of  textbooks.  In  medi- 
cine and  biology  at  large  in  the  middle  of  the  nineteenth  century,  it  was  the 
fashion  to  denounce  speculation  and  extol  observation.  So  many  of  the  med- 
ical and  biological  sciences  depended  upon  the  microscope  and  the  visual  process, 
that  nothing  was  more  natural  than  to  see  great  virtue  in  observation  as  com- 
pared with  the  vagaries  oi  the  Xaiur [philosophic}''  We  are  now  so  far  beyond 
the  range  of  that  old  Natitrphilosophic  (unless  the  idea  of  Pan-Germanism  may 
be  regarded  as  a  remote  result  thereof),  that  it  should  be  quite  safe  to  uphold 
the  reason  as  entitled  to  a  seat  beside  observation  in  the  process  of  diagnosis. 
Applied  logic  accords  to  observation  its  full  worth.  Secondly,  a  proper  value 
is  assigned  to  what  may  be  inaccurately  summed  up  in  the  phrase  comparative 
method.  It  is  the  comparative  method  probably  that  is  being  used  in  diagnosis 
for  the  most  part  at  the  present  day.  That  is,  one  picks  a  symptom,  suspects  a 
disease,  constructs  a  supposititious  diagnosis,  and  proceeds  to  compare  it  with 
all  the  data  of  memory  or  reference  books.  It  is  all  one,  whether  you  pick  one 
symptom — e.  g.,  the  so-called  presenting  symptom^'  popularized  by  Richard 
Cabot, — ^or  assemble  a  symptom  group ;  the  process  remains  the  same,  that  of 
matching  the  data  of  the  case  with  some  supposititious  diagnosis.  Now  in  the 
field  of  mental  disease  probably  every  one  of  you  has  had  the  experience  of 
matching  virtuall}-  all  the  symptoms  of  a  case  with  the  majority  of  those  given 
in  the  textbooks  for  several  different  mental  diseases.  In  short,  the  comparative 
or  matching  process  has  been  only  too  successful,  and  the  diagnosis  might  well 
be  rendered  by  lot  from  amongst  a  not  very  small  group  of  textbook  headings. 

Of  course,  the  comparative  method  involves  the  use  of  observation  also. 
The  distinction  between  observational  recognition  of  a  condition  and  the  com- 
parative determination  of  a  disease  by  a  direct  method,  is  not  a  mutually  ex- 
clusive distinction.  So  also  in  respect  to  the  third  method  of  applied  logic, 
namely,  the  statistical  method.  The  statistical  method  requires  both  observation 
and  comparison,  but  entails  also  certain  new  features.  Probably  Richard  Cabot 
has  popularized  the  statistical  method  of  diagnosis  more  than  any  other  recent 
author.  Cabot  finds  a  presenting  symptom  which  becomes  to  him  a  lead.  This 
presenting  symptom  is  often  something  complained  of  by  the  patient,  but  also 
is  often  something  noted  by  the  physician  that  the  patient  did  not  subjectively 
recognize.  Cabot  has  founded  a  dififerential  diagnosis  upon  a  selection  of  the 
most  common  presenting  symptoms.  He  goes  on  to  list  the  causes  of  these 
symptoms  by  their  frequency,  and  then,  to  use  his  picturesque  phrase,  "follows 
the  symptom  home.'"  Following  the  symptom  home  means,  naturally,  employing 
all  manner  of  comparative  and  observational  methods  in  addition  to  the  merely 
statistical  one.  Nor  do  T  wish  to  give  the  impression  that  Cabot  overemphasizes 
the  statistical  method  in  his  account.  He  merel\-  emphasizes  it  more  than  most 
previous  authors.     Nor  would  his  account  fail  to  insist  that  observation  is  indis- 
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|K'n-;il)lc,  for  he  (■.ircl'ully  stalcN  tliat  (lia}^noscs  arc  missed  usually  because  jjIivs- 
ical  >i}4ii>  arc  not  ix-ioi^ni/i'd.  'ilial  is,  for  Calxjt,  ])()<)V  (liaj^nosis  is  usually 
a  matter  (if  poor  ol)si.'r\  atioii.  j'.ut  occasionally  dia^moses  are  poor  on  accmint  of 
poor  rcasoiiiiij^.  and  C'ahoi's  hook  is  an  arj^imiciii  for  a  more  com[)rehensive 
j,n-as])  of  tlu'  ]iossil)ililit'>  of  dia;^no>is.  Others  may  in>i>t  ui^on  the  recoji^nition 
of  the  syiiipioiiis  and  sij^ns  hy  projier  methods  of  observation,  and  Cabot,  like 
niaiiv  ollu'is,  lias  in  other  work^  ,^i\c'n  an  account  of  these  matters  alonj^  ai)- 
pro\cd  lines;  but  he  dreams  for  the  purjiose  of  differential  diaj^ncj.si^  of  a  "cash- 
re^istrr  of  causes."  Me  wants  possibilities  sifted.  He  wants  clues,  radiations, 
and  leadings  followed  out  alon^  lines  that  are  essenliall}'  statistical.  One  pr.j- 
cecds  from  the  presenting  .symjHom  to  the  possible  causes;  frtnn  the  possible 
causes  to  the  probable  causes,  and  from  the  proliable  causes  to  the  actual  cau^e. 
In  the  technic  of  this  delerminalion,  Cabot,  as  is  well  known,  much  insists  upon 
the  statistical  configuration  of  the  different  conditions  in  which  the  various  pre- 
senting symptoms  are  found. 

Cabot  notes  that  i)h\sicians  in  the  matter  of  differential  diagnosis  "are  very 
suspicious  of  any  attempt  to  tabulate  their  methods  of  reasoning.'"  He  sp)eaks  of 
profiting  much  b}-  Herbert  French's  Index  of  Dicu/iiosis^''  (first  published  in  1912), 
a  hook  which  I  fmd  is  greatlx'  affected  1)y  medical  students  of  my  own  acquaint- 
ance. French  claims  his  index  to  lie  an  index  of  main  symptoms,  though  there 
seems  to  be  no  internal  evidence  in  the  book  just  how  these  main  symptoms  were 
selected.  French,  like  Cabot,  deals  largely  though  not  exclusively  with  symp- 
toms complained  of. 

It  is  readily  seen  that  Cabot's  ideas  (though  the}'  would  have  been  readily 
c(imprehended  by  DaCosta  in  1864,  since  they  are  founded  upon  the  statistical 
])rinci])le  \\hich  had  already  been  a  few  decades  in  vogue  in  DaCosta's  time )  would 
not  have  appealed  especially  to  him  as  important  in  the  process  of  direct  diag- 
nosis. Peeling  as  DaCosta  did  concerning  diagnosis  by  exclusion  as  a  dernier 
ressort,  he  would  not  !ia\e  seen  the  cfmipelling  value  of  Cabot's  statistical  fre- 
quency tallies  for  the  distribution  of  syn.iptoms  in  different  conditions.  More- 
over, it  is  doubtful  whether  in  1864  hospital  records  were  so  extensively  kept 
as  nowadays,  despite  the  fact  that  intensive  records  of  special  cases  may  have 
been  kept  at  a  relatively  higher  standard  than  now  prevails  in  institutions  where 
the  real  work  is  done  more  by  interns  than  by  visiting  physicians. 

The  situation,  then,  is  that  in  some  cases  what  might  be  called  an  observa- 
tional diagnosis  can  be  rendered.  I'ersonally,  I  should  feel  that  the  term  diag- 
nosis was  being  prostituted  somewhat  when  the  diseased  condition  is  recognized 
forthwith  on  the  basis  of  some  pathognomonic  symptom  or  combination  of  symp- 
toms. Rut  let  the  phrase  pass ;  tiic  result  of  naming  the  disease  and  getting  a 
practical  basis  for  treatment  is  attained  by  a  process  of  pure  observation.  The 
so-called  direct  method  of  diagnosis  is  hardly  on  a  higher  plane  logically  speak- 
ing than  that  of  observation  in  many  ca-'-es  ;  hut  in  others,  and  perhaps  in  the 
majority  of  cases,  this  process  of  differential  diagnosis  by  the  so-called  direct 
method,  is  one  of  comparison ;  that  is.  of  matching  the  phenomena  of  the  dis- 
ease observed  with  those  of  some  classical  or  textbook  type.  The  luiduly  maligned 
method  of  indirect  diagnosis,  or  diagnosis  by  exclusion,  likewise  employs  com- 
parison inasmuch  as  it  excludes  disease  after  disease  by  discovering  that  not 
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enough  exists  to  niatcli  the  types  in  cint'stion.  I  laving  risen,  accordingly,  from  a 
process  of  direct  recognition  (gnosis  rather  than  diagnosis  in  any  logical  sense) 
to  a  process  of  somewhat  less  direct  differential  diagnosis  by  a  positive  matching 
or  a  negative  excluding  process,  we  finally  arrive  at  a  more  modern  technic  of 
studying  the  frequency  of  s}Tnptoms  in  certain  large  groups  of  comparatively 
well  observed  cases  (the  majority  of  Cal)ot's  tables  deal  with  250  cases  analysed 
at  the  Massachusetts  General  Hospital).  We  notice  that  the  process  of  obser- 
vation is  indispensable  throughout.  Extreme  exactitude  of  observation  is  not 
perhaps  so  necessary  in  statistics  as  in  individual  cases ;  at  least  errors  of  obser- 
vation may  be  assumed  to  balance  themselves  to  some  degree. 

Is  there  no  further  s]iar])ening  of  our  technic  of  diagnosis?  In  the  prac- 
tical handling  of  the  diagnostic  ])roblem  at  the  Psychopathic  Hospital,  in  the 
course  of  two  years'  observation  I  became  interested  in  the  fact  that,  where  diag- 
noses were  not  matters  of  mere  observation  and  direct  differentiation,  but  where 
processes  of  exclusion  were  necessary,  I  found  myself  endeavoring  to  exclude 
conditions  in  a  certain  definite  order.  It  is  this  ordinal  principle  which  I  believe 
might  constitute  an  advance  in  practical  diagnosis,  were  it  to  be  insisted  upon  in 
still  other  branches  of  medicine  than  psychiatry.  I  have  recently  made  some  en- 
deavor to  apply  the  principle  to  the  situation  in  clinical  neurology  but  shall  not 
here  mention  the  results  of  that  inquiry  in  any  detail.  After  the  first  two  years 
of  off-hand  and  provisional  diagnoses  at  the  Psychopathic  Hospital,  I  then  con- 
sidered the  matter  of  exclusion  in  a  definite  order  for  some  three  years  before 
laying  down  the  order  in  question  (see  below).  I  think  it  would  be  presumptuous 
for  any  one  in  any  special  branch  of  medicine  to  draw  up  a  definite  order  of 
diagnoses  in  any  other.  For  example,  however  convinced  I  might  be  that  diag- 
noses in  dermatolog}^  are  actually  made  consciously  or  unconsciously  by  some 
process  of  successive  exclusion  of  conditions  in  a  definite  order,  I  should  not  (as 
I  am  far  from  being  a  dermatologist)  have  the  slightest  ground  for  suggesting 
an  order  for  dermatological  diagnoses,  or  a  list  of  conditions  to  be  pvit  in  order. 
Not  being  an  internist  in  the  field  of  cardiac  disease  (that  is  to  say,  not  being  in 
any  sense  an  expert  with  the  electrocardiograph  and  all  the  rest),  I  certainly 
could  not  advocate  any  particular  order  of  diagnosis  for  heart  disease,  how^ever 
strongly  I  might  be  convinced  that  such  an  order  must  exist. 

At  this  point,  I  looked  into  certain  works  on  logic  to  learn  what  might  be 
said  concerning  these  different  principles  of  diagnosis,  and  found  in  the  late 
Josiah  Royce's  contribution  entitled  "The  Principle  of  Order"  in  the  Encyclo- 
pedia on  Philosophical  Sciences,  an  exposition  very  much  to  the  point. ^^ 

I  presume  that  most  of  us  have  few  memories  of  logic  except  the  syllogistic 
logic  of  such  college  textbooks  as  that  of  Jevons.  Some  of  the  older  amongst 
us  will  still  have  used  Mill's  System  of  Logic,  or  textbooks  closely  modeled 
thereupon.  The  more  recent  advances  in  applied  logic  are  a  closed  book  to  most 
college  and  medical  students,  but  in  addition  to  so-called  formal  logic  used  as  an 
irregular  discipline  in  most  colleges,  there  is  an  applied  logic  or  methodology 
which  deals  with  the  norms  of  thought  as  ai)plicd  to  the  methods  of  the  special 
sciences.  The  formal  logic  of  a  book  like  that  of  Jevons  is  only  a  very  subordi- 
nate part  of  logic  as  at  present  defined.     Royce  speaks  of  the  new  doctrine  as 
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the  science  of  ortU-i-.  'I'liis  science,  he  says,  is  today  in  a  very  progressive  con- 
dition, is  in  some  notahle  res])ects  new,  and  ofTers  inexhaustible  oj)portunities  for 
future  i)rojj^ress.  .\h-ead\  in  the  .Socratic  and  IMatonic  handlin]:;  cjf  these  topics, 
the  systematic  nature  of  the  worhlV  construction,  the  ohjectixity  of  the  world 
I)ermittin^'-  inference  conceniin},^  its  \ariiius  truths  and  the  rirder  that  rational 
])roccsses  show,  had  alread\'  hecome  clear.  'ryi)es,  forms,  and  relations  are  at 
least  as  real  as  the  facts  of  the  physical  world.  .Xristotle,  P>acon,  and  still  more 
importantly,  Galileo,  made  important  acKances  in  lo}.jic.  Today  no  one  will  ques- 
tion that  every  science  in  dealiiii,^  with  its  facts  must  employ  methods  of  classifi- 
cation, in  no  wise  diiTerent  from  the  method  used  ])y  Socrates  in  his  dialects. 
To  be  sure,  a  science  which  uses  only  methods  of  classification  must  now  be  re- 
garded as  a  very  young  science.  Botany  anfl  zoology  have  long  since  passed  the 
phase  in  which  classification  is  the  dominant  interest.  Anthropology,  on  the 
other  hand,  is  largely  classifying  still,  though  there  is  some  tendency  to  the  de- 
velopment of  a  higher  method  of  logic,  the  comparative  study  of  the  forms  and 
results  of  human  culture. 

Royce  mentions  that,  amongst  the  medical  sciences,  psychiatr\-  is  just  now 
emerging  from  a  stage  in  which  the  bulk  of  the  science  was  made  up  of  the 
classification  of  cases,  symptoms,  and  disorders.  Psychiatry  is  now  about  to  work 
on  a  higher  plane  of  methods.  The  more  comj)lex  the  facts,  the  harder  it  is  for 
a  science  to  get  beyond  this  first  stage  of  classification. 

W'hat  are  these  higher  processes  of  applied  logic?  There  are  mainly  two: 
The  method  of  comparison,  and  the  statistical  method.  The  comparative  method 
compares  the  corresponding  stages  in  the  various  processes  of  products  of  nat- 
ural evolution  in  the  science  in  question ;  whereas  the  statistical  method  uses 
exact  enumerations  as  the  basis  of  its  science.  Of  course,  the  two  methods  are 
not  always  sharply  to  be  distinguished  ;  whene\  er  one  has  to  compare  numerous 
evolutionary  processes,  all  the  results  of  these  i)rocesses  have  to  be  enumerated. 
In  these  instances,  however,  the  statistical  method  is  merely  an  auxiliary  to  the 
comparative  method.  When,  however,  we  come  to  such  matters  as  the  mortality 
tables  of  insurance,  the  sociology  of  marriage  and  divorce,  of  suicide  and  crime, 
or  of  commerce  and  industry,  we  are  dealing  with  topics  in  which  the  statistical 
method  is  virtually  the  only  one  at  present  axailahle.  We  study,  for  instance, 
how  human  mortality  varies  with  age ;  how  the  science  of  an  organ  or  an  or- 
ganism follows  conditions  determined  by  heredity  or  environment.  As  a  result 
of  such  statistical  processes,  the  statistician  becomes  able  to  deal  with  aggre- 
gations or  blocks  of  facts;  orders  or  aggregations  which  may  be  treated  as  units 
of  a  higher  order. 

When  sciences  become  dexeloped  still  further,  these  two  methods  of  com- 
parison and  statistics  are  used  in  a  still  more  intimate  manner,  combined  in  a 
method  which  Royce  terms  the  orgaiiiccd  combination  of  theory  and  cxpcrioicc. 
Ey  means  of  the  statistical  and  comparative  method,  we  discover  laws  of  na- 
ture that  have  a  certain  degree  of  probability,  the  degrees  of  which  we  may 
trust  on  the  basis  of  fair  samples  of  the  phenomena  of  the  given  science.  \\  e 
then  construct  laws  on  the  basis  of  hypotheses  derived  directly  from  fair 
samples  of  fact.     H}potheses  thus  drawn  may  be  of  the  simple  type  directly 
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rc'fiilal>lc  or  direclly  \  I'riliaMe  by  ininicdiali'  recourse  to  the  facts;  or  on  llic 
other  hand,  hy|)otheses  may  re(|uire  much  more  work  for  their  testing.  In  fact, 
the  more  direct  the  ])roof,  the  more  \aluahle  the  hy|)othcsis,  since  the  success 
of  the  liy])otlu'sis  would  liere  de])end  upon  the  falhnj^-in-line  of  vast  numbers 
of  facts  whicli  on  no  otlier  basis  could  be  su])])osed  to  fall  in  line.  To  coml)ine 
hypothesis,  theor}-.  and  observation,  we  first  draw  u])  a  Inpothesis  regarding' 
the  constitution  or  laws  oi  some  region  of  ])hysical  fact.  Ui)on  the  basis  of 
this  h\])othcsis,  we  make  an  extensive  and  exact  deductive  theory  as  to  what 
oii(/lit  to  be  ])resent  if  the  hy]>othesis  is  true.  "The  more  extensive,  exact, 
and  s_\stematic  the  theory  thus  made  possible  proves  to  be,  the  larger  are  the 
possible  sami)les  of  the  conse(|uences  of  the  h}pothesis  which  are  available." 
We  then  collect  samples  of  facts  by  means  of  observation  and  experiment,  and 
proceed  to  compare  them  with  results  of  our  elaborate  deductive  theory.  The 
more  elaborate  and  extensive  our  theor\-,  the  larger  the  range  of  facts  that  we 
can  draw  upon  for  comparison.  We  are  not  now  restricted  to  noting  what 
proportion  of  members  of  a  sample  have  certain  characters.  On  the  other 
hand,  if  the  deductive  theory  is  a  highly  developed  and  elaborate  one,  w^e  shall 
find  that  almost  any  sample  available  for  comparison  is  minutely  verifiable  in 
detail  with  some  part  of  the  original  hypothesis.  In  short,  the  value  of  this 
method  depends  upon  "the  exactness,  the  order,  and  the  systematic  character 
of  the  concepts  in  terms  of  which  the  hypotheses  thus  directly  tested  are  de- 
fined." It  would  thus  appear  from  this  highly  condensed  statement  of  Royce's 
view%  that  "the  organized  union  of  theory  with  observation  requires  for  its 
perfection  concepts  and  systems  of  concepts  which  permit  of  precise  and  ex- 
tended deductive  reasonings."  It  is  surprising  how  small  the  samples  need  to 
be  when  it  comes  to  a  judgment  as  to  the  applicability  of  a  highly  complex  hy- 
pothesis. A  few  small  samples  taken  from  widely  separated  parts  of  the  system 
will  prove  or  disprove  the  virtues  of  the  hypothesis. 

\\'ithout  asserting  that  medicine  is  yet  in  a  stage  to  profit  like  physics  and 
chemistry  from  this  organized  combination  of  hypothesis,  theory,  and  observa- 
tion, it  is  clear  that  many  ])arts  of  mechcine  are  far  beyond  the  application  of 
mere  statistics  or  of  mere  comparison,  and  still  farther  beyond  the  modest  vir- 
tues of  pure  observation. 

Without  venturing  further  at  this  time  into  methodology  and  modern  ap- 
phed  logic,  it  is  clear  that  mere  observation,  mere  comparison  of  stages,  mere 
enumeration,  are  not  the  whole  story  in  any  science.  If  the  medical  sciences  are 
going  to  advance  in  their  logic,  it  is  more  than  likely  that  their  logical  advance 
will  take  place  in  the  direction  of  a  greater  insistence  upon  order.  I  hold  ac- 
cordingly that,  if  Royce's  exposition  of  certain  modern  developments  in  logic 
is  a  sound  one,  the  next  stage  of  development  in  medical  thinking  will  be  a 
reduction  of  its  interests  more  and  more  to  order  and  svsteni.  There  is  reason 
to  hope  that  by  the  reduction  of  medical  as  well  as  any  other  scientific  facts  to 
order  systems,  a  greater  and  greater  success  in  deduction  will  be  attained.  I 
conclude,  therefore,  that  when  T  found  our  ])rocess  of  diagnosis  at  the  Psycho- 
pathic Hospital  employing  more  and  more  the  concept  of  order,  T  was  simply 
discovering  a  small  fact  bobbing  in  the  big  stream  of  logical  advance. 
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Til  tlic  lii^lil  of  present  know  ledj^e,  lunv  almost  naive  and  childish  appears 
tlie  old  dirlnni  lli.il  disease  i>  life  under  altered  conditions!  I  Icrc  were  but  two 
clenienls:  life  on  the  one  li.md,  and  chanj^a-  on  the  other.  iCach  contains  a 
host  of  undiscovered  stalemeiit^  of  fact.  Mow  >lender  a  C(Hitrihution  a]»pears 
the  claim  that  disea^es  must  he  instances  of  cither  the  au}.,Miientati(ni,  the  diminu- 
tion, f)r  llu'  nieic  niodilicalion  without  increase  or  decrease  of  structures  or 
functions.  To  he  sure,  hacteriolo.niy  shortly  yielded  a  dyadic  system  of  j(crm 
on  tlie  one  hand  and  host  on  the  other,  which  iov  the  moment  and  for  a  decade 
or  so  allowed  one  to  hope  that  the  formula  "Disease  is  life  under  altered  con- 
<lilions"  inii^ht  he  sinipK  i'en(lei'e(l  into,  "Disease  is  the  etfect  upon  an  organ- 
ism of  a  germ."  Then  came  the  contenti(jns  ot  Metchnikfjtif  concerning  phago- 
cytosis, and  the  more  comj)lex  interrelations  of  the  host  with  its  contained  germ. 

v^h(M'tl\',  in  the  nineties  arrixed  triadic  conceptions  of  the  interrelation  of 
the  organism,  the  foreign  substance,  and  sundry  intermediary  bodies;  and  ear])' 
in  this  centur_\-  was  unfolded  the  still  more  mysterious  situation  of  anaj)hylaxis. 
In  short,  the  problems  of  medicine  are  becoming  more  and  more  rich  and  com- 
plex, more  and  more  \erihable  by  small  samples  of  fact  taken  at  widelv  diverse 
parts  of  the  system. 

The  rapid  com])lication  of  the  research  situation  in  medicine  at  large,  as 
typified  esjiecially  b\"  the  facts  of  immunology,  has  its  reflection  also  in  the 
slower  moving  dci^artments  of  clinical  diagnosis.  We  see  in  textbook  after 
textbook  insistence  on  diagnosis  as  a  matter  of  observation  (going  back  very 
far,  for  example,  to  Baglivi^'*).  We  then  fotmd,  as  in  virtually  all  the  medical 
textbooks  in  the  latter  half  of  the  nineteenth  century,  a  new  form  of  assur- 
ance:    The  diagnostician  is  not  now  satisfied  with  what  he  calls  direct  diagnosis. 

The  aim  here  is  to  enroll  the  case  in  some  definite  group  of  diseases  rec- 
ognized by  pathology.  The  difference  betw^een  perceiving  that  "this  fruit  is  an 
orange"  and  scientific  recognition  of  a  diagnosis  is  merelv  a  cjuestion  of  de- 
gree. It  is  not  so  easy  to  say  that  "this  is  a  case  of  typhoid  fever,"  as  it  is 
to  say  that  this  fruit  is  an  orange,  because  of  the  more  concealed  and  special 
viature  of  the  points  on  which  we  rest  our  diagnosis  of  tvphoid  fever.  The 
method  is  one  of  comparison  of  certain  percei\ed  characters  or  features  with 
certain  signs  already  known  to  us  as  pertaining  to  certain  disease  groups. 
\\hcther  the  symptoms  are  simple,  like  a  friction  rub.  or  complex,  like  the 
chemical  analysis  of  a  secretion ;  whether  the  symptoms  are  present  at  the  time 
of  examination  or  are  merely  anamnestic,  from  the  diagnostic  point  of  view, 
they  arc  speedily  divided  into  pathognomonic  s\niptoms  on  the  one  hand,  and 
more  general  ones  on  the  other.  The  tubercle  bacillus  or  the  Argvll- Robertson 
pupil  might  be  mentioned  as  examples  of  jxithognomonic  symptoms  in  this 
broad  sense ;  whereas  fever  and  vomiting  would  be  examples  of  svmptoms 
which  belong  in  a  great  number  of  disease  groups.  But  whatever  the  kinds 
of  symptoms  we  recognize,  the  process  of  diagnosis  appears  to  be  one  of  com- 
parison of  those  symptoms  that  we  perceive  with  such  symptoms  as  we  know 
to  characterize  a  given  group  of  diseases,  and  u]ion  the  discovery  that  the  svmp- 
toms of  the  disease  in  hand  c(u-resi)ond  with  the  symptoms  of  the  disease  type 
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which  we  know  from  the  hooks  or  from  experience.  We  (h'aw  a  conclusion, 
then,  on  the  basis  of  similarity  of  sNinptoms.  We  may  draw  this  conclusion 
from  a  pathorjnomonic  sym])tom.  which  hi-yoiul  any  (|uestion  indicates  the  ex- 
istence of  a  iii\en  disease;  or  if  no  ])atho,<,momonic  symptoms  are  present,  we 
may  ground  our  diagnosis  ui>on  the  harmony  between  the  general  s}'mptoms  in 
our  patient  and  the  sym])toms  that  belong  to  some  described  disease ;  and  of 
course  we  are  throughout  well  aware  how  unsuccessful  may  be  a  diagnosis 
based  largel\'  on  the  similarity  of  general  symptoms  to  those  of  the  books. 
This  method  of  diagnosis,  which  we  may  briefly  term  the  "type-matching" 
method,  is  doubtless  the  one  extolled  by  the  older  workers  under  the  name  di- 
rect diagnosis.  It  represents  an  advance  u])on  i)urel}-  observational  diagnosis, — 
that  is.  diagnosis  by  inspection, — and  is  a  form  of  diagnosis  by  comparison. 

Diagnosis  by  exclusion  or  by  differentiation  is  a  method  somewhat  decried 
by  older  workers  and  now  brought  into  great  prominence  by  such  work  as 
that  of  Cabot  and  of  Herbert  French.  Though  there  is  nothing  logically  new 
in  this  work,  there  is  a  new  emphasis  in  it.  It  is  still,  logically  speaking,  an 
application  of  the  comparative  method  greatly  bolstered,  as  Cabot  handles  it, 
bv  the  statistical  method. 

The  general  nature  of  differential  diagnosis  is  somewhat  as  follows :  As 
it  is  imposible  to  consider  all  the  phenomena  in  a  given  disease,  w^e  first  select 
a  group  of  diseases  in  which  a  certain  sign  is  found.  We  look  in  the  case  under 
observation  for  some  more  or  less  outstanding  symptom.  This  common  symp- 
tom which  we  would  use  as  the  point  of  comparison  amongst  diseases,  is  called 
bv  Bieganski  the  index  of  differentiation  or  the  difference  indicator.  Cabot 
has  more  recently  termed  one  form  of  it  the  presenting  symptom.  This  indi- 
cator or  presenting  symptom  is  chosen  because  we  by  experience  know  that  it 
occurs  in  a  large  number  of  diseases.  To  be  sure,  it  is  much  better  not  to  take 
a  too-general  indicator.  Thus,  in  the  question  of  typhoid  fever,  it  would  not  be 
so  advantageous  to  begin  with  fever,  perhaps,  as  to  begin  with  diarrhea.  The 
process  of  differentiation  now  begins :  We  compare  the  case  under  observation 
with  those  diseases  which  we  have  found  to  be  somewhat  similar  thereto.  We 
pass  from  one  disease  group  to  another.  We  constantly  keep  upon  one  side  the 
observed  case  wnth  all  its  symptoms,  and  on  the  other  the  total  series  of  diseases 
which  in  a  certain  respect  are  similar  to  it,  namely,  in  respect  of  the  com- 
mon trait,  index  of  differentiation,  or  presenting  symptom.  We  proceed  to 
look  for  differences.  The  observed  case  may  not  belong  in  a  group  because  it 
does  not  possess  the  symptom  which  is  constant  in  that  group;  though  the 
indicator  is  possessed  by  both  diseases,  a  symptom  constantly  present  in  the  com- 
pared type  is  absent  in  the  observed  case. 

Or  the  observed  case  may  not  belong  in  the  compared  group  because 
there  is  a  symptom  in  the  observed  case  which  never  occurs  in  the  compared 
group. 

Again,  the  observed  case  is  not  the  disease  with  which  we  are  comparing 
it  because  we  know-  that  in  the  compared  disease  a  symptom  constantly  occurs 
which  is  the  direct  op]iosite  of   some   symptom   obser\o(l   in   the   case   in   hand. 
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Moreover,  there  iii.iv  he  an  inconj^n-ueiuc  of  symptoms  of  a  (|uantitative  or 
quahlali\c  iialme,  a  (hflereiRc  which  does  not  prcjceed  to  the  point  of  rom- 
plc'le  ahseiuc  i>v  \>rv\vc[   antaj^onism  of  symptoms. 

]"(»ll()\\  iiiL;  i>  a  lahle  uliieli  eml)0(hes  the  process-tyi)es  of  chnical  diagnosis 

now   in   \()j^"ue  : 

Taiii.1'.  oi"  Pkockss  Tvi'Ks  or  Diagnosis 

1.  Inspection. 

II.  Expectation. 

III.  Induction. 

IV.  Comparison 

(a)  Similarity. 

(b)  Similarity  and   difference. 

(c)  Difference. 
V.  Ex  juvantibus. 

VI.  Ex  nocentibus. 

I  inay  .say  at  the  outset  tliat  it  is  the  endeavor  of  this  paper,  granting  each  of 
the  three  subordinate  methods  under  the  head  of  Comparison  to  be  a  separate 
logical  method  of  diagnosis,  to  add  a  ninth  method.  This  ninth  method  I 
shall  choose  to  call  "Piaaiiosis  per  Exclusionem  in  Ordinc."  Diagnosis  per  ex- 
chisioncni  in  ordinc  is  merely  a  method  of  employing  logical  comparison  of 
Type  I\'   (c)  of  the  above  table  /;/  a>i  orderly  nianiicr. 

But  l)efore  attempting  to  speak  of  this  newly  described  type  of  diagnosis 
I  must  briefly  describe  the  eight  classical  methods  so  that  I  may,  if  possible, 
demonstrate  that  the  ninth  or  pro[)Osed  new  method  has  novelty.  I'or  the 
purposes  of  this  discussion  I  have  gone  rapidly  over  a  great  many  of  the  older 
textbooks  of  medicine,  studying  largely  the  logical  remarks  by  their  authors  in 
the  prefaces  and  introductions  thereto.  I  then  examined  many  of  the  text- 
books in  Medical  Logic  which  were  for  some  years  the  vogue  in  medical 
schools.  iM-om  the  study  of  textbooks,  largely  in  the  latter  half  of  the  nine- 
teenth centurv,  and  from  the  study  of  works  on  Medical  Logic  I  have  arranged 
and  combined  the  methods  of  the  above  table.  I  have  been  especially  aided  by 
the  modern  work  of  Bieganski,  a  Polish  work  available  to  me  in  German 
translation  from  its  second  edition.  This  work  may  be  referred  to  for  a  good 
summary  of  the  older  points  of  view,  together  with  the  fruits  of  some  Polish 
polemic  in  which  Bieganski  had  for  some  years  been  engaged.  The  older  work 
of  Oesterlen,-''  published  in  Tiibingen  in  1852  and  translated  into  English-^  in 
the  Sydenham  vSeries  in  1855,  is  almost  barren  for  modern  purposes  (so  much 
so  that  I  found  the  leaves  uncut  both  of  the  original  and  of  the  translation  in 
the  New  York  Academy  of  Medicine!)  Of  still  older  literature,  the  Medical 
Logic  of  Sir  Gilbert  Blane,--  illustrated  by  conclusions  concerning  yellow 
fever,  is  of  great  interest,  though  his  classification  of  the  elementary  princi- 
ples of  life  as  generative,  conservati\e,  temjuM-ative.  assimilative,  formative. 
restorative,  motive,  sensitive,  appetitive  and  sympathetic,  is  an  example  of  cate- 
gories which,  however  true  and  from  various  points  of  view  feasible  they  may 
be,  are  of  little  diagnostic  value.  This  older  work  often  fails  to  distinguish  the 
question  of  classification  from  the  question  of  what  is  to  be  classified.  Sir 
Gilbert  Blane's  work   upon  yellow    fever,   and  especially  upon   scurvy,   derived 
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from  his  oxitert  conlacl  with  marine  diseases  in  the  I'rilish  West  Indian  cani- 
paiiiiis,  is  of  greater  \alne  than  liis  excursions  into  logic.  I'lnmenhach  calls 
v^ir  (nlbert  I'lane  the  most  learned  and  classical  ])hysician  ot"  the  age,  hut  de- 
spite this  (icrman  ai)i)reciation,  littU'  has  been  done  in  (lerniany  of  an  original 
nature  on  medical  logic.  (Jesterlen  a])i)ears  to  be  in  the  general  nature  of  a 
])hvsician's  reaction  to  the  logic  of  John  Stuart  IVIill.  .\])|)arently  someone  was 
imi)ressed  with  the  jxissible  \alue  of  such  work  as  Oesterlen's,  and  Francis 
()gst()n  was  given  a  new  chair  in  Aberdeen  as  Professor  of  Medical  Logic  and 
lurisprudence.  In  a  s^■!labus-''  of  his  highh'  interesting  course  of  thirty-two 
lectures,  he  refers  to  his  indebtedness  to  John  v'^tuart  Mill  and  to  Oesterlen, 
traces  the  history  of  the  topic  from  Aristotle  to  l^acon,  thence  to  I>lane  and 
(lesterlen,  and  comments  upon  the  absurd  distrust  of  theory  wh.ich  he  found 
prevailing  in  Britain.  Ogston  called  the  merest  routine  practitioner  a  bold 
s])eculator  and  imperfect  obser\er  of  facts.  He  remarks  that  the  limits  of  pure 
observation  in  medicine  are  soon  reached  and  discusses  in  sei)arate  chapters 
the  inductive  or  analytic  method  as  oiii)osed  to  the  deductive  or  synthetic  method, 
rightlv  holding  that  the  latter  is  a  much  more  imjKjrtant  concern  of  medicine 
than  the  former.  Under  the  inductive  or  analytic  method  Ogston  considers 
the  processes  of  observation,  comparison  and  analogy,  and  the  numerical  method. 
Under  the  deductive  or  synthetic  method  he  considers  first  the  i)rocess  of  an- 
alysis for  deductive  purposes,  then  the  process  of  ratiocination  and  of  verifi- 
cation. He  discusses,  among  the  processes  subsidiary  to  induction,  such  mat- 
ters as  simple  observation,  experiment,  hypothesis,  analogy,  the  numerical 
method,  terminology  and  classification.  Ogston  denounces  the  current  nosolo- 
gies as  obstructive  and  inelastic  and  devotes  special  attention  to  what  he  calls 
the  fallacies  of  nonobservation  as  opposed  to  the  fallacies  of  malobservation. 
Much  of  this  suspicion  of  Ogston  can  be  traced  in  Oesterlen  and  v^ir  Gilbert 
Blane,  to  say  nothing  of  their  masters  in  logic,  John  Stuart  Mill  and  Sir  Francis 
Bacon. 

Sir  Gilbert  Blane  had,  for  example,  in  1819  spoken  of  the  sources  of  er- 
ror in  medicine  as  (a)  the  fallacy  and  danger  of  hypothetical  and  theoretical 
reasoning  as  especially  demonstrated  (according  to  Blane)  in  Boerhaave,  (b) 
the  diversity  of  constitutions,  (c)  the  difficulty  of  "appreciating  the  salutary 
efforts  of  nature  and  of  discriminating  them  from  the  operations  of  art."  (d) 
superstition,   (e)   the  ambiguity  of  language,  and   (/)   the  fallacy  of  testimonial. 

Much  can  still  be  gained,  no  doubt,  from  a  perusal  of  such  works  as  those 
of  Sir  Gilbert  Blane,  Oesterlen  and  Ogston,  and  still  more  could  doubtless  be 
gained  by  the  physician  from  a  close  study  of  John  Stuart  Mill  and  his  pred- 
ecessors in  pure  logic,  but  these  studies  were  almost  wholly  given  over  with 
the  onset  of  the  evolutionary  theory  in  the  late  fifties,  with  the  crowding  de- 
velopments of  pathology  and  physiology  and  especially  of  the  bacteriology  of 
the  eighties  and  the  immunology  of  the  nineties  of  the  last  century.  There  has, 
in  fact,  crept  over  us  the  feeling  that  logical  method  is  an  inheritance  of  us  all 
in  like  degree  and  that  whatever  we  do  not  know  of  logic  at  the  outset  of 
medical  x^ractice  we  shall  never  learn.  It  is  precisely  the  })opular  single  volume 
textbooks  that  fail  to  yield  much  of  practical  value  to  the  medical  student  seek- 
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iii!^  lo  iicifcct  hiiiisclf  ill  ilii'  hiiiU-  of  (li;ij,Mi()sis.  'I'lie  dictum,  esjjecially  of 
I  ),i  C"ii>l;i  .111(1  (if  liis  succrssors  in  tin-  nianufacUm-  of  sinj^'Ie  volume  textbooks, 
naiiKh,  that  llu-  art  of  nicclicinc  consists  in  observation,  bas  apparently  abol- 
ished the  iicccssit\-  of  l(),i(ic.  Carried  away  by  the  niaj^ic  of  tbi>  word  "observa- 
tion," main  authors  of  pli\  sioloj^dc  works  dcaHni;  with  the  most  intricate  dis- 
cussions and  rme-(b-awn  conclusions  cheerfully  called  their  inductions  and  de- 
ductions 1)\  the  term  "observations."  'J'he  ot)vious  fact  is  that  dia}^no>is  does 
not  consist  in  observation  at  all.  l)iaj,niosis  requires  observation,  ])roceeds  upon 
a  basis  of  observation,  but  is  in  itself  a  process  of  Cf)nibination,  of  reasoning, 
of  calculation,  or  of  some  lii.L;lier  kind  of  intellectual  ]»rocess  which  takes  ob- 
servation for  ijranted,  uses  and  chooses  amonj^st  (observations,  but  in  no  whit 
makes  them. 

Amont,^st  the  methods  t.abul.ated  .above  T  ha\e  first  set  d(jwn,  following 
manv  of  the  books,  diiK/iiosis  hy  insf^rciioii.  Mere,  at  the  outset,  it  may  be  in- 
c[uired :  "Are  we  not  terming  a  method  of  diagnosis  what  is  nothing  but  a 
method  of  observation  ?"  This  I  freely  concede.  The  names  of  diseases  are 
achieved  bv  a  i)rocess  of  inspection.  The  result  is  what  we  term  a  diagnosis, 
but  the  process  by  which  the  so-called  diagnosis  or  disease-name  is  arrived  at 
is  not  a  process  of  reasoning  at  all,  but  (as  stated  above)  a  process  akin  to  the 
statement,  //  is  rainiiu/,  or  The  ciu/iiic  is  skipping.  In  short,  no  process  of 
diagnosis  in  the  logical  sense  is  here  being  used.  A  diagnosis  or  disease-name 
is  achieved,  but  reasoning  is  not  employed.  It  is  only,  then,  by  courtesy  that 
we  include  inspection  under  the  process-ty])es.  The  diagnosis  follows  the  in- 
spection as  night  follows  day,  or  as  black  follows  white,  or  as  man  follows 
woman.  The  process  is  one  of  association  of  a  perfectly  simple  type.  This 
kind  of  so-called  diagnosis  can  be  made  by  laxnien  often  as  well  as  by  physi- 
cians. I  am  afraid  that  the  ideals  of  many  medical  teachers,  as  they  are  got 
bv  the  eager  students,  consist  in  teaching  them  thumb  rules  of  inspection  rather 
than  the  more  tedious  and  complicated  methods  of  diagnosis.  I  recalled  above 
how  Da  Costa  spoke  of  diagnosis  by  exclusion   as  a  tedious  method. 

The  second  method  tabulated  abo\e  is  one  that  I  have  i)resumed  to  term 
the  method  of  diaynosis  by  expectation.  We  are  familiar  with  the  so-called 
expectant  treatment  in  therapeutics,  but,  so  far  as  I  know,  attention  has  not 
been  called  to  the  method  of  diagnosis  by  exi)ectation.  This  is,  of  course,  par- 
ticularly employed  in  the  fulminating,  acute  diseases  on  one  hand  and  the 
chronic  diseases  on  the  other.  In  the  one  instance  there  may  not  be  facts  enough 
to  permit  a  diagnosis  h\  insi)ection  and  there  may  not  be  time  enough  to  permit 
elaborate  com])arisons ;  accordingly,  diagnosis  goes  by  the  board  until  an  au- 
topsy either  is  or  is  not  made.  As  for  the  slow,  hesitating  course  of  certain  dis- 
eases, the  Micawber  attitude   is   still    easier   to   assume. 

I  susi)ect  that  the  method  /'\'  induction  is  commonly  em]>loyed  in  a  manner 
not  far  remo\ed  from  the  process  of  expectation.  This  method  by  induction,  un- 
like the  method  by  expectation,  is  mentioned  in  the  classical  works,  and  also 
in  the  modern  work  of  IJieganski.  One  concludes  tha.t  the  patient  looks  tuber- 
culous. Here  is  the  suggestion  of  a  diagnosis  by  inspection.  Perhaps  one  is 
an  ot^ce  practitioner  and  time  forbids  exactitude.     One  examines  the  pulmonary 
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apex  ami  discovers  suspicions  of  dullness.  ( )ne  re(|uesls  the  sputum  and  pro- 
ceeds to  a  ]M)sitive  diagnosis  of  tuberculosis  on  the  basis  of  tubercle  bacilli 
found  in  the  sputiun.  Here  is  a  successful  case  of  diagnosis  by  induction  by 
a  sort  of  skipping  of  intermediaries  (to  use  James's  i)hrase)  and  by  the  least 
possible  work.  If  the  diagnosis  is  successful,  well  and  good!  If  unsuccessful, 
one  must  proceed  to  more  elaborate  methods.  It  is  always  possible,  too,  that 
the  ])atient  may  have  been  sutTering  from  a  combination  of  two  or  more  dis- 
eases and  that  the  tuberculosis  e.  g.  found  may  be  the  lesser  of  two  important 
conditions.  One  ought  not,  and  I  do  not,  condemn  this  method  by  induction 
just  because  it  is  not  time-consuming  and  just  because  it  does  not  succeed  in 
all  cases.  In  the  hands  of  the  expert  the  method  of  diagnosis  by  induction  (as 
the  phrase  is  here  used)  and  the  method  of  diagnosis  by  inspection  are  highly 
commendable  methods.  In  a  pragmatic  age  one  ought  not  to  denounce  them. 
From  the  standpoint  of  a  medical  student,  however,  it  would  seem  wise  not  to 
dazzle  him  with  the  brilliancies  of  inspection  and  induction  (in  the  above  nar- 
row sense),  but  one  ought  to  exjiound  to  him  the  nature  of  the  more  complex 
methods  which  he  must  often  use  in  cases  that  are  themselves  at  all  complex. 

The  methods  of  diag)wsis  ex  jiivantlhus  and  ex  nocentihus  tabulated  above 
are  in  a  sense  experimental  methods  of  diagnosis  on  all  fours  with  the  method 
by  induction.  The  diagnosis  of  syphilis  by  the  administration  of  antisyphilitic 
drugs  and  the  procuring  of  a  cure  or  an  alleviation  of  symptoms  is  an  example 
of  diagnosis  ex  jwi'aniihus.  The  provocative  Wassermann  reaction  upon  the 
administration  of  salvarsan  is  an  example  of  the  method  of  diagnosis  ex  nocen- 
tihus. It  would  be  a  mistake  to  consider  the  administration  of  drugs  for  these 
purposes  therapeutic.     The  methods  are  methods  of  diagnosis  purely. 

Dismissing  the  methods  of  inspection,  expectation,  induction,  ex  jin'aii- 
tibiis  and  ex  noceyitibus,  we  come  to  the  methods  of  diagnosis  by  comparison, 
to  which  I  hope  to  point  out  a  small  addition  or  modification  which  I  con- 
ceive to  be  of  value.  Earlier  in  my  communication  I  have  sufficiently  discussed 
these  methods  and  I  pointed  out  the  necessity  under  which  we  labor  of  using 
the  method  of  diagnosis  by  exclusion  in  cases  where  there  are  no  indicator 
symptoms  or  presenting  symptoms  (to  use  Cabot's  phrase  for  certain  indicator 
symptoms).  I  wish  to  illustrate  this  method  of  diagnosis  per  exchisionem  in 
ordine  from  the  field  of  mental  diseases,  rehearsing  the  main  groups  of  a  prac- 
tical key-*  w^hich  has  been  built  up  on  the  basis  of  Psychopathic  Hospital  data. 

In  passing,  I  may  say  that  psychiatrists  are  far  more  at  one  in  the  matter 
of  diagnosis  than  the  general  medical  man  is  apt  to  believe.  The  unanimity  in 
point  of  view  is  far  greater  than  one  would  suspect  from  certain  nomen- 
clatural  differences.  The  nomenclature  of  psychiatry  is  by  no  means  as  fixed 
at  the  present  writing  as  the  nomenclature  of  dermatolog}-.  Yet  the  unanimity 
of  psychiatrists  concerning  the  major  groups  of  mental  disease  is,  I  make  bold 
to  say,  almost  as  great,  if  not  quite  as  great,  as  the  unanimity  of  dermatologists 
concerning  their  main  groups.  The  specialists  in  ps}'chiatry  have  for  some  years 
past  been  much  interested  in  ])roposals  of  the  American  Medico-Psychologica) 
Association  to  secure  a  thorough  and  acceptable  classification  of  mental  diseases 
to  which  the   State  institutions   for  the   custodial  insane   could   conform.     The 


niAC.NOSIS    I'i;i<    KNCM'SIONKM     IN    OkDINK  '       47 

cl.issilnalidii  .'i(li)|)|((|  l)\  ihc  Mi-dico  I'sxhIioIoj^mciI  Association  in  I'^l"  is,  in 
}4c-iu'i;il,  ;i  lii^lil)  a(i(|»tal)lc  one.-'  I'roltahK'  no  nic.-nil)cr  of  the  committee 
chaif^cd  witli  makinj^  ihc  classification  is  entirely  satisfied  with  it  in  details. 
Some  dias^nosticians  f^o  so  far  as  to  say  that  in  the  interest  of  the  patient  no 
classilication  in  the  sense  of  the  statistical  tables  of  institutions  is  worth  while, 
since  every  instance  of  mental  disease  is  \irtually  siii  </cncris.  There  is,  of 
course,  much  truth  in  this  contention,  and  the  good  therapeutist  never  forgets 
this  fact,  borne  in  u|)on  the  mind  as  it  is  by  the  tremendous  individual  variety 
of  the  psychogenic  reactions  of  the  individual  as  such.  I  found  that  most  of 
the  leading  American  textbooks  of  psychiatry  were  also  practically  at  one  in 
the  major  categories,  despite  perturbing  difficulties  in  terminology. 

The  task  of  the  Psycho] )alhic  Hospital,  dealing  as  it  does  not  merely  with 
custodial  insane  but  with  all  the  penumbra  of  "near-insane,"  of  incipient,  mild 
and  curable  cases,  and  witli  many  psychoneuroses  which  would  not  ordina- 
rily be  classed  among  the  insanities,  is  a  somewhat  broader  and  deeper  task  in 
diagnosis  than  that  of  the  custodial  institutions  for  the  insane.  The  Psycho- 
pathic Hospital  stands  as  a  sort  of  vestibule  between  the  community  and  the  cus- 
todial institutions.  PVom  its  meshes  go  back  into  the  community  numerous 
cases  whose  psychopathia  is  not  far  advanced  enough  to  go  through  the  inter- 
stices. Not  only  insanity  in  the  narrow  sense,  but  a  variety  of  other  conditions 
of  the  non  compos  mentis  group,  namely,  feeble-mindedness,  epilepsy,  and  even 
many  forms  of  alcoholism  come  within  the  i)ur\iew  of  the  Psychopathic  Hos- 
pital. The  task  of  rapid  diagnosis  was  one  which  had  never  faced  the  cus- 
todial institution  for  the  insane,  because  to  the  latter  flowed  only  cases  in  which 
diagnostic  experts  had  made  their  decision  outside  the  walls  of  the  institution 
and  with  the  concurrence  of  the  Courts.  It  became  necessary,  therefore,  to 
contrive  more  rapid  methods  of  handling  cases  than  had  formerly  been  avail- 
able, inasmuch  as  keen  and  mature  experts  were  not  available  for  the  great 
run  of  cases  (the  Psychopathic  Hospital  ran  the  number  of  voluntarv  cases  and 
of  so-called  temporary  care  group  of  cases  u[)  by  the  hundreds  as  soon  as  it 
was  founded).  Some  provision  had  to  be  made  whereby  younger  men  could 
make  reasonabi}'  accurate  ])rimary  sittings  of  the  cases.  The  rapid  develop- 
ment of  mental  hygiene  stole  away  the  young  men  at  such  a  rate  from  our 
staff  that  provision  had  to  be  made  for  shifting  staffs  of  relativelv  inexperienced 
persons.  The  situation  was  not  unlike  that  which  faced  the  armv  itself  at 
the  outset  of  the  first  draft. 

Alental  diseases  have  no  indicator  symptoms,  barring  a  few,  and  indeed  a 
very  few,  so-called  pathognomonic  symptoms.  Psychiatry  was  devoid  of 
pointers,  such  as  would  be  available  to  the  specialist  in  the  exanthems,  for  ex- 
ample. In  the  absence  of  indicator  sym|)toms,  some  method  had  to  be  chosen 
by  which  every  case  would  have  every  major  hypothesis  concerning  its  nosolog- 
ical grouping  raised  at  some  time  during  his  hos])ital  stav.  The  legal  details 
and  official  regulations  were  such  that  these  hyi)otheses  had  to  be  raised  within 
a  very  short  period.  Early  in  our  experience  the  laws  and  regulations  were 
such  that  some  kind  of  diagnosis  permitting  proper  disposition  of  the  case  had 
to  be  made  within  four  or  fi\e  days.     This  proved  to  be  too  brief  a  period  in 
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wliicli  to  make  proper  disposition  and  \hv  'I'cmporary  Care  i.<a\v,  nnder  wliich 
the  majority  of  Psycliopatliic  Hospital  cases  are  admitted  for  ol)ser\ation  di- 
rectl}  from  the  community  (without  court  ])rocess),  was  modified  so  that  a 
period  of  seven  or  eijjht  days  is  now  a\ailahle.  Official  disposition  is  at  present 
made  in  a  total  period  of  ten'  days,  instead  of  in  a  total  ])eriod  of  seven  davs  ; 
hut  in  practice  the  external  conditions  of  transfer  to  social  adjustment  take 
from  two  to  three  days,  so  that  the  total  time  available  for  group  diagnosis  is 
now  a  period  of  from  se\en  to  eight  days.  During  this  ])eriod  of  seven  to  eight 
da}-s  what  can  be  done? 

I  assume  that  in  pri\ate  practice  it  may  not  be  necessary  to  secure  the 
Wassermann  reaction  of  the  serum  in  each  and  every  mental  case.  For  my 
part,  T  ne\er  feel  certain  of  the  diagnosis  unless  this  precaution  is  taken.  In 
any  event,  in  Psychopathic  Hospital  practice,  with  the  varying  conditions  of 
stafT  and  history  standard,  it  shortly  ])ro\'ed  necessary  to  get  the  Wassermann 
data  from  the  serum  in  each  case.  Only  a  few  of  the  more  conservative  hos- 
pital superintendents  failed  at  first  to  approve  this  plan.-  The  Danvers  Hos- 
pital in  Massachusetts  and  the  hospitals  in  Michigan,  under  the  influence  of 
the  Psvchopathic  A\'ard  at  Ann  Arbor,  had  early  adopted  doing  the  Wasser- 
mann reaction  of  the  serum  as  routine.  P^pon  reflection,  I  found  that  the 
proper  disposition  of  almost  each  and  every  case  depended  upon  our  securing 
this  Wassermann  data.  If  the  Wassermann  data  were  dubious,  then  a  longer 
jieriod  of  diagnosis  was  necessary.  If  the  serum  proved  negative  but  there 
were  other  signs  of  organic  disease  of  the  nervous  system,  lumbar  puncture 
was  resorted  to,  with  the  diagnostic  hope  that  the  Wassermann  reaction  and 
the  other  reactions  of  the  fluid  would  prove  decisive.  The  practical  disposi- 
tion of  each  case  I  found  to  depend  upon  taking  the  Wassermann  reaction  of 
the  serum.  Accordingly,  although  there  is  no  indicator  symptom  which  is  in- 
fallible or  anywhere  near  infallible  in  the  detection  of  neurosyphilis,  the  value 
of  the  Wassermann  reaction  of  the  serum  is  such  that  I  feel  entitled  to  place  the 
syphilopsvchoses,  or  mental  diseases  of  syphilitic  origin,  at  the  head  of  all 
diagnostic  consideration.  This  was  the  beginning  of  the  plan  of  ordinal  exclu- 
sion, the  plan  of  diagnosis  per  cxclusionem  in  ordinc.  The  first  thing  to  be 
excluded  in  the  diagnosis  of  mental  disease  was,  in  short,   syphilis. 

The  second  thing  to  be  excluded  was,  I  found  in  practice,  some  form  of 
feeble-mindedness.  To  be  sure,  the  obvious  imbeciles  and  idiots  may  secure 
their  diagnosis  by  inspection,  and  not  so  much  difficulty  is  ordinarily  felt  amongst 
the  morons  or  the  feeble-minded  proper  of  the  English  classification.  But  when 
one  came  to  the  so-called  stupids  or  subnormals,  that  we  now  find  to  lie  between 
the  morons  below  and  the  normals  above,  the  value  of  the  Binet-Sinion  tests 
or  their  analogues  became  extreme.  One  does  not  need  to  claim  one  hunch'ed 
per  cent  values  for  these  tests  any  more  than  for  many  another  biological  test. 
The  tests  are  nevertheless  of  value.  I  found  that  in  ])ractice  I  needed  to  know 
for  every  lucid  case,  that  is,  for  every  case  which  could  i)ractically  be  tested 
metrically,  the  intellectual  titer.  Even  were  I  dealing  with  such  a  condition  as 
dementia  precox  or  manic-depressive  |)sychosis,  1  nevertheless  found  that  I 
needed  the  mental  test  as  a  base  line. 
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TliiidK,  I  i'miiikI  ili.it  the  Ii\  |)()tlu'sis  of  epilepsy  or  epileptic  symptoms 
and  of  cpilcptMid  plu'iioiiieiia  is  one  \er_\'  apt  to  he  isolated  from  consideration 
Iiy  the  lyio  or  cxcit  li\  ilic  e\|)ert.  I  placed  epileps}'  third  in  the  diaj^nostic 
order  of  exclusion  partly  hecause  of  the  relative  reliahility  of  the  clinical  his- 
tories in  these  cases. 

After  riroup  T,  the  syphilopsychoses,  Croup  IT,  the  hypophrenoses  T feeble- 
mindednesses),  ("iioiip  II T.  the  epileptf)ses,  Crou])  IV,  the  i)harmacopsychoses 
(includin.n"  menial  diseases  due  to  alcohol,  druj^s  and  poisons),  I  come  to  Group 
V,  the  grou]i  of  mental  diseases  due  Ut  focal  hrain  disease, — the  so-called  en- 
cephalopsxchoses.  This  is  the  j^roup  of  cases  in  which  we  unconditionally  need 
the  data  of  the  loutiue  neurologist's  diagnosis.  We  need  to  exclude  conditions 
of  heightened  intracranial  pressure  and  conditions  of  as\-mmetry,  reflexes  and 
the  like,  indicating  focal  brain  disease. 

Sixthly,  after  Group  A',  the  encephalopsychoscs  or  neurologist's  group,  T 
found  that  in  jiractice  I  was  asking  for  the  data  of  the  internes,  namely,  the 
data  which  would  go  to  make  a  diagnosis  of  a  mental  disease  somewhere  in 
the  "symptomatic"  group, — Group  VI,  a  grou[)  I  have  termed  the  somatopsy- 
choses. 

After  these  I  tried  to  exclude  presenile  and  senile  phenomena  belonging  in 
a  group  which  I  have  termed,  following  Xascher's  Geriatrics,  the  geriopsychoses 
(Group  VII). 

Then  come  the  stock  ditiiculties  of  diagnosis  for  the  psxxhialrist, — the  diag- 
nosis of  Group  VIII,  the  dementia  precox  group,  which  I  like  to  term  (from 
their  main  symptom  as  defined  by  Bleuler)   the  schizophrenoses. 

After  the  schizophrenoses  stand  Group  IX,  the  cyclothymoses,  or  a  group 
including  the  manic-depressive  psychoses  and  similar  mental  diseases. 

The  last  of  the  ten  well-defined  groups  is  the  familiar  group  (X)  of  the 
psychoneuroses  including  the  hysterias,  neurasthenias  and  psychasthenias,  but 
if  in  the  diagnostic  order  of  exclusion  one  could  not  ])lace  one's  case  in  any 
one  of  these  ten  comparatively  well-defined  groups,  one  would  not  throw  it 
altogether  out  of  the  psychiatric  lists,  but  would  call  it  a  plain  psychopathia  and 
put  it  in  Group  XI,  the  ps\chopathoses.  A  table  of  these  major  groups  is  shown 
on  the  following"  page. 

I  have  spoken  of  the  botanical  and  zoological  analogues  of  this  grouping 
in  a  paper  read  before  the  X^eurological  Association  in  1^17.  Two  words  of 
warning  are  necessary  concerning  this  analog}'.  The  choice  of  the  ending  osis 
is  obviously  an  attempt  to  get  a  medical  analogue  for  the  botanical  ending 
-accac  or  -osac,  as  in  the  orders  Rosaccac  and  Lcfiitiiiinosae.  These  botanical 
orders  are,  as  is  well  known,  susceptible  of  splitting  into  genera  and  species. 
It  would  be  an  entirely  superficial  objection,  for  this  account,  to  say  that  the 
term  "species"  has  obtained  in  natural  histor}'  a  \evy  special  meaning  which 
could  not  appropriately  be  gixi'ii  to  a  disease.  Riologicallv  speaking,  a  species 
is  sometimes  taken  to  mean  such  a  group  of  plants  or  animals  as  are  capable 
of  breeding  true  to  type.  However,  the  genus-species  distinction  is  a  great  deal 
older   than   natural    history   and    is   used   throughout    every   province   of   logical 
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classification  known.  I'or  exanij)le,  the  mineral  kinj^'dom,  though  without  proc- 
ess of  breeding,  is  in  part  susceptible  to  a  classification  of  the  genus-species 
sort.  For  that  matter,  it  is  not  necessary  to  use  the  terms  order,  genus  and 
species  for  these  groupings  at  all.  One  might  use  entirely  other  distinctions, 
and  still  the  process  of  classification  might   be  entirely   valid. 

The  other  point  which  should  be  made  is  a  kindred  one.  Tn  zoology  and 
botany  one  w^ould  ordinarily  be  satisfied  if  in  the  process  of  logical  exclusion 
one  arrived  at  the  animal  or  plant  which  fulfilled  the  conditions  of  differentia- 
tion, but  in  the  process  of  diagnosis  per  cxchisioncni  in  online  as  applied  to 
mental  disease  one  unconditionally  needs  to  go  through  the  entire  list  in  each 
case. 

For  example,  one  might  easily  face  an  instance  of  mental  disease  such  that 
the  victim  was  a  syphilitic,  feeble-minded,  epileptic,  alcoholic  old  man,  with 
focal  brain  disease  and  somatic  disease,  the  whole  contributing  to  his  mental 
picture.      He   might   conceivably   have   been   psychoneurotic   or    cyclothymic    in 

Mkxtal  Disease  Gkoups    (Orders) 

1.  .Syphilitic    Syphilopsychoses 

2.  Feeble-minded    HypoplTrenoses 

3.  Epileptic     Epileptoses 

4.  Alcoholic,  drug,  poison Pharmacopsychoses 

5.  Focal  brain   ("organic,"  arteriosclerotic) Encephalopsychoses 

6.  Bodily  disease   ("symptomatic") Somatopsychoses 

7.  Senescent,  senile  Geriopsychoses 

8.  Dementia  precox,  paraphrenic Schizophrenoses 

9.  Alanic-depressive,  cyclothymic   Cyclothymoses 

10.  Hysteric,  psjxho-,  neurasthenic Psychoneuroses 

11.  Psycliopathic,  paranoiac,  et  al Psychopathoses 

his  life,  for  these  conditions  are  doubtless  consistent  with  a  fundamental 
feeble-mindedness  in  some  cases.  Whether  he  could  also  have  been  a  vic- 
tim of  schizophrenia  (dementia  precox)  and  still  have  mental  phenomena  attrib- 
utable to  all  these  other  groups  is  a  question.  We  are  aware  of  cases  that 
start  by  being  feeble-minded  and  apparently  have  their  schizophrenic  process 
grafted  upon  them ;  but  whether  these  combinations  of  psychoses  in  so  multi- 
plex a  form  are  common  or  really  exist  is  not  my  point.  Combinations  of  two 
or  three  of  these  conditions  are  not  infrequent.  It  is,  therefore,  stringently 
necessary,  in  the  rough  analysis  of  psychiatric  cases,  to  make  all  of  these 
major  hypotheses  and  dismiss  them  or  fix  upon  them  one  by  one.  In  short, 
diagnosis  per  exclnsioneni  in  ordine  does  not  necessarily  exclude  ten  out  of 
the  eleven  groups,  but  it  does  endeavor  to  exclude  each  one  of  at  least  ten  of 
the  groups.  If  the  process  has  succeeded  in  excluding  the  first  ten,  the  case, 
if  psychiatric  at  all,  must  remain  in  the  unresolved  or  ragbag  group  of  psy- 
chopathias.  Group  XI,  the  psychopathoses.  I  do  not  intend  here  to  enter 
the  minutiae  of  psychiatric  diagnosis,  although  in  another  j)lace  I  have  made 
some  endeavor  to  describe  the  main  genera  and  species  of  the  groups  above 
tabulated.-"  Incidentally,  I  have  endeavored  to  place  genera  and  species  in 
the  same  sort  of  practical   order  so  that  the  tyro  may  consider  the  diagnosis 
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(jf  the-  spccii'S  of  .syphilitic,  li\  pophrciiic  and  other  forms  of  fhscasc  in  arbitrary 
order. 

It  is  scarcfl\  necessar\-  for  me  to  insist  that  I  do  not  attach  great  con- 
sequence to  there  beinjij  ten  or  eleven  more  or  less  major  j:jroups  of  mental 
disease.  In  fact,  I  insist  that  the  future  must  interpfjlate  or  extrapolate 
these  groups.  The  groups  are  not  gr<nips  based  upon  clinical  resemblances 
alone,  upon  anatomical  disease,  or  ui)on  etiolog\'.  They  are  practical  groups 
devised  ujion  what  has  been  found  to  be  the  best  practical  order  of  exclusion 
of  major  groups  of  mental  disease,  each  seeming  to  require  a  special  form  of 
handling.  I  have  described  the  method  in  my  paper  entitled  "A  Key  to  the 
Practical  Grouping  of  Mental  Diseases."  I  am  not  sure  that  I  would  not  be 
warranted  in  using  the  term  pragmatic  instead  of  practical,  for  the  end  and 
aim  of  these  groupings  is,  after  all,  a  theraj)eutic  one.  The  basis  for  these 
rough  distinctions  is  a  question  of  dis])Osal  of  the  i)atient.  If  the  patient  be- 
longs amongst  the  syphilopsychoses,  then  antisyphilitic  therapy  is  indicated, 
or  at  least  must  be  thought  of.  If  the  patient  is  hypophrenic,  then  a  school 
for  the  feeble-minded,  an  institutional  equivalent,  or  some  form  of  supervision 
looking  to  the  safeguarding  of  the  community  and  the  development  of  the  case 
must  be  adopted.  If  the  case  is  epileptic,  certain  special  safeguards  are  nec- 
essary, whether  the  case  is  an  alcoholic  epileptic  or  a  traumatic  epileptic.  The 
etiolog}-  and  the  anatom}-  are  not  at  all  so  much  to  the  point  as  the  practical 
handling  of  the  epileptic.  So,  too,  with  the  alcohol  and  drug  cases.  In  fact, 
the  practical  consequences  of  placing  one's  patient  in  one  of  the  first  four  groups 
of  syphilitic,  hypophrenic,  epileptic  and  alcohol  or  drug  cases  are  such  that 
I  think  on  these  practical  grounds  alone  it  would  be  wise  for  the  diagnostician 
to  consider  syphilis,  feeble-mindedness,  epilepsy  and  alcohol,  drugs  and  poisons 
before  he  comes  to  the  minutiae.  He  will  thus  get  settled  in  his  mind  many 
of  the  practical  social  questions  of  a  legal,  institutional  and  social  service  na- 
ture. Take  the  group  of  mental  diseases  due  to  focal  brain  disease.  Should 
the  phenomena  of  the  present  war  show  us  that  the  traumatic  psychoses,  that 
is,  psychoses  due  to  structural  brain  disorder,  form  a  practical  group  on  a  level 
of  practical  interest  equal  to  that  of  the  listed  groups,  I  for  one  should  have 
no  objection  to  raising  these  traumatic  psychoses,  which  I  at  present  place 
under  the  encephalopsychoses,  to  a  higher  dignity,  namely,  that  of  the  trau- 
matopsychoses.  For  the  moment,  I  seem  to  feel,  and  I  suppose  most  of  my 
colleagues  would  agree  with  me,  that  the  traumatic  psychoses  rather  resemble 
genera  under  the  focal  brain  disease  group  than  the  true  great  orders  of  dis- 
ease. Let  the  list  be  telescoped  or  accordeonized  as  you  will,  no  damage  is 
done  to  the  concept-value  of  the  greater  groups  of  mental  disease. 

Again,  should  someone  wish  to  consider  the  somatopsychoses  ahead  of  the 
focal  brain  disease  grouj)  and  exclude  e.  g.  pellagra  and  cardiorenal  disease 
from  a  role  in  the  given  patient  ahead  of  brain  abscess,  brain  tumor,  arterio- 
sclerosis, and  the  like,  I  should  have  no  objection.  The  point  I  make  is  that 
some  order,  not  any  jxirticular  order,  is  desirable  for  the  tyro  in  diagnosis. 
X    insist,   therefore,   on   no    particular   great    groups,    but    on    the    principle   that 
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(here  .should  he  i^roat  |>rai,nnalic  i^r()U])s  of  mental  disease  analogous  to  the 
orders  of  hotany.  1  insist,  aj^ain,  on  no  paiiieular  order  of  exclusion,  but  on 
some  order  of  exclusion  of  these  groups,  and  above  all,  I  insist  upon  subjecting 
each  mental  case,  so  long  as  indicator  symj^toms  are  so  woefully  absent,  to  the 
hyi>othesis  of  his  ])ossibly  belonging  under  e\er\'  one  of  these  great  groups. 
Indeed,  I  feel  that  he  may  belong  in   Iwo  or  more  of  these  groups. 

Whither,  you  may  ask,  does  the  ]»ragmatic  ])rinciple  then  disappear?  Sup- 
pose a  man  is  both  epile])tic  and  alcoholic;  shall  we  classify  him  as  in  the 
grou])  of  epile])toses  or  in  the  group  of  the  pharmaco])S}'choses?  All  special- 
ists will  remember  acrimonious  discussions  of  this  nature.  Are  we  dealing  with 
epile])sy  or  with  alcoholism,  or  with  both?  Now,  I  find  that  in  ]n-actice,  if  you 
couch  the  (|uestion  ])ragmatically,  there  is  rarely,  if  ever,  any  doubt  into  what 
group  you  wish  to  throw  your  case.  Once  you  jjut  the  question  thus:  Do  you 
wish  to  send  this  case  to  an  institution  for  ejjilei^tics  or  do  you  wish  to  put 
Iiim  in  an  institution  for  alcoholics  or  under  a])propriate  supervision  suitable 
for  alcoholics?  There  is  almost  never  any  doubt  on  the  part  of  the  careful  phy- 
sician whether  his  case  is  a  case  for  an  institution  for  epileptics  or  a  case  for 
an  institution  for  alcoholics.  The  iiragmatic  question  is  forthwith  settled.  The 
academic  question,  whether  one  is  an  epileptic  alcoholic  or  an  alcoholic  epilep- 
tic becomes  a  vividly  practical  question,  when  the  ]iragmatic,  that  is  to  say,  the 
therapeutic,  question  is  raised.  I  find  that  this  kind  of  consideration  matures 
the  tyro  in  psychiatry  very  fast. 

SUMMARY 

1.  The  writer  apologizes  for  a  communication  on  Medical  Logic  in  general 
when  he  is  only  a  psychiatrist  and  but  recenth'  a  pathologist.  His  excuse  is 
the  necessity  for  reasonably  accurate  snap  diagnosis  in  the  sifting  problem  of 
the  psychoses,  psychoneuroses  and  psychopathias,  as  they  flow  through  the 
Psychopathic  Hospital  clinic  in  Boston. 

2.  The  medical  student  is  found  destitute  of  the  ability  to  define  entities 
and  symptoms.  The  textbooks  in  medicine,  especially  the  single  volume  text- 
books, rather  tend  to  make  the  student  believe  that  diagnosis  is  observation. 
In  point  of  fact,  diagnosis  is  not  observation,  though  it  requires  and  indeed 
stands  or  falls  by  accurate  observation. 

3.  Da  Costa  and  his  successors  have  lauded  so-called  direct  diagnosis  to 
the  skies  and  Da  Costa  rather  decried  indirect  diagnosis  by  exclusion  as  a 
tedious  process.  An  example  is  cited  from  Da  Costa  which  shows  how  rela- 
tively simple  the  classical  diagnoses  of  general  medicine  are  beside  those  of 
psychiatry. 

4.  It  seemed  that  diagnosis  by  exclusion  ought  to  l)e  rehabilitated.  An 
examination  of  recent  research  w'ork  in  logic  indicated  that  higher  and  more 
complex  methods  than  those  of  observation  had  become  necessary  in  science. 
For  example,  Cabot  and  Herbert  French  have  attempted  to  prcjfit  by  the  sta- 
tistical method,  which  again,  though  it  re(|uires  reasonably  accurate  observa- 
tion, is  not  in  itself  a  method  of  obser\ation  at  all.     Yet  Cabot's  statistical  fre- 
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(lin'in)  tallies  ])()sscss  a  ccrlaiii  dia.i^nostic  \ahic.  I'.ul  the  stiulciil  is  often  mis- 
led hy  llir  Inilliancies  of  so-called  observational  diaj^nosis  in  a  clinic.  Here 
(lia,i;ii()ses  are  often  rendered  on  ins])eetion  by  a  pn^cess  akin  to  the  recognition 
of  a  fruit  as  an  orans^c,  or  an  automobile  troui)Ie  as  "the  engine  is  skipping." 
This  process  is  not  dia,i;nosis,  it  is  a  pr(»cess  of  reccjj^nition  that  may  receive 
a  simpler  term  (/iiosis. 

5.  The  oflhand  snap  diagnostic  work  at  the  I'sychopathic  Hospital  indi- 
cated that  we  were  in  |)ractice  relyinj,'^  upon  the  successive  exclusion  of  cer- 
tain ,<;;reat  disease  jj^roups  in  a  certain  definite  order. 

6.  A  study  of  Royce's  "Summar\  of  Kecent  Researches  in  Logic"  shows 
how  an  organized  combination  of  theory  and  experience  is  the  higher  logic 
to  which  the  more  com]ilicate<l  sciences  must  resort.  Royce  himself  mentioned 
psvchiatrv  as  a  science  al)out  to  climb  out  of  the  classifying  era  into  the  era 
of  logical  order,  that  is,  (jf  the  organized  combination  of  theory  and  experience. 
Such  a  dictum  that  "disease  is  life  under  altered  conditions"  appears  now 
childishly  simple.  The  idea  that  disease  is  a  matter  of  an  organism  plus  a 
germ  was  found  to  be  altogether  too  simple  when  in  the  nineties  of  the  last 
centur}-  the  concepts  of  immunology  were  developed. 

7.  Those  (le])artments  of  medicine  in  wliich  the  presenting  symptom  of 
Richard  Cabot  is  of  value  are  lucky  departments.  Those  departments  of  med- 
icine in  which  the  indices  of  disease,  or  indicator  symptoms  of  the  elder  writ- 
ers are  available,  are  also  fortunate  departments  in  comparison  with  psychiatry. 
In  mental  disease  there  are  exceedingly  few  indicator  symptoms. 

8.  Hence  the  need  became  apparent  of  a  process  of  exclusion  of  great 
groups  or  phenomena  in  a  certain  definite  order,  so  that  nothing  of  large  sig- 
nificance should  evade  consideration.  To  avoid  the  tediousness  of  exclusion, 
complained  of  by  Da  Costa,  the  phenomena  of  disease  had  to  be  logically 
grouped  in  certain  great  groups,  and  the  process  types  of  diagnosis  in  the  books 
may  be  counted  as  six  or  eight,  according  to  definition. 

9.  In  the  body  of  the  paper,  a  special  statement  was  made  about  each  of 
these  process  types:  Inspection  (regarded  as  not  really  diagnosis  but  as  merely 
recognition  of  gnosis).  Expectation,  a  newly  named  but  frequent  method  (far 
older  than  ]\Iicawber).  Induction,  E.v  jiiz'aiitious,  Bx  uocciitibus  (three  meth- 
ods in  which  in  no  very  rigorous  way  experiment  is  used)  and  three  methods  of 
diagnosis  by  comparison  are  successively  discussed. 

10.  The  ninth  method,  diagnosis  f^cr  cxclitsioiicin  in  ordiiic,  is  in  one  sense 
a  minor  modification  of  the  old  method  of  diagnosis  by  exclusion.  It  is  of 
value  in  departments  of  medicine  where  there  are  no  indicator  symptoms,  and 
where  the  so-called  i)resenting  symptom  would  merely  iridicate  some  kind  of 
mental  disease. 

11.  The  general  a]iplication  of  the  method  of  diagnosis  per  cxcIusio)icni  in 
ordiiic  in  the  field  of  mental  disease  is  demonstrated  in  the  eleventh  group  of 
mental  diseases  into  which  most  of  the  phenomena  may  be  pragmatically  cast. 
The  groupings  are  not  by  clinical  resemblances,  by  anatomical  attack  or  by 
etiology.     The  distinction  is  a  i^ragmatic  and  therajicutic  one  and  will  naturally 
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tnid  to  become  more  and  more  elioloij^ic  as  tlie  causes  are  determined.  liut 
in  the  field  of  mental  disease,  causes  are  so  apt  either  to  be  unknown  or  to  be 
multiple  that  etiologic  classification  on  any  sim])le  basis  such  as  that  of  the  in- 
fectious diseases  is  ])ractically  inconceivable. 

12.  Tt  is  hoped  that  other  departments  of  medicine  (where  diagnosis  is 
raised  above  the  level  of  mere  recognition)  and  where  there  are  few  or  no 
pathognomonic  or  indicator  sym]:)toms.  will  find  it  to  their  advantage  to  set  up 
a  method  of  diagnosis  per  twclusioiiciii  In  ordiiic,  the  great  groups  or  orders 
being  always  determined  on  a  ])ragmatic  basis.  Tn  the  body  of  the  paper  are 
given  the  general  designations  of  the  ten  great  groups  of  mental  diseases,  with 
the  eleventh  residual  group. 
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SI.XCK  the  (liscovcTv  hy  I'feiffcT  of  the  r>acillu>  intlueiizje  during  the  in- 
l]uc'nza  paiKk'uiic  of  1892,  a  great  deal  of  work  has  been  published  showing 
the  presence  of  this  bacillus  as  the  probable  etiologic  factor  in  a  number  of  the 
sequelU-e  of  clinical  influenza  and  other  allied  conditions.  Pfeiffer's  work  is 
well  rexiewcd  by  Sclu'Ilcr.'  in  which  he  gives  an  excellent  resume  of  all  that 
was  known  of  the  organism  up  to  that  time.  PfeilTer  was  able  to  demonstrate 
the  Bacillus  influenzce  in  the  sputum  of  a  large  percentage  of  his  cases  of  clinical 
influenza  during  the  early  stages  of  the  disease  but  during  the  later  stages  it 
had  disai)peared  entirely.  Davis-  has  more  recently  (1908)  ref)orted  forty-one 
cases  of  clinical  influenza  in  which  his  findings  were  quite  at  variance  with 
those  of  Pfeiffer,  in  that  he  was  unable  to  demonstrate  the  organism  in  the 
sputum  of  but  seven  of  his  forty-one  cases,  and  that  in  these  he  found  the 
bacilli  only  during  the  later  stages  of  the  attack.  The  earliest  he  found  them 
was  on  the  fourth  day,  the  average  time  being  much  later. 

Of  greater  interest  perhaps,  than  the  presence  of  Hacillus  influenza  in  the 
sputum,  is  its  presence  in  the  accessory  sinuses  of  the  respiratorv  tract  and  in 
the  spinal  fluid  of  cases  of  influenzal  meningitis.  During  the  last  year  two  in- 
stances of  sinusitis  without  meningitis  and  two  which  were  followed  bv  menin- 
gitis have  come  to  our  laboratory.     I  shall  make  these  the  basis  of  this  report. 

CASE    HISTORIES 

Cask  \.— Influenzal  Meningitis.— Bzhy  S.  Male.  Age  ten  months.  Patient  of  Dr.  D. 
H.  Boyd.  Children's  Hospital,  Pittsburgh.  The  patient  though  still  well  nourished  showed 
evidences  of  rapid  loss  of  weight.  Family  history  and  past  history  negative.  The  patient 
was  brought  into  the  hospital  April  24,  1917,  in  an  unconscious  condition.  The  present 
illness  had  begun  about  four  weeks  before  with  pain  and  swelling  of  the  right  knee, 
followed  two  weeks  later  by  pain  and  stiffness  in  the  shoulders.  There  was  sHght  im- 
provement until  two  weeks  later  when  he  became  irritable,  began  vomiting  and  was  un- 
able to  retain  his  food.  Physical  examination  on  entrance  to  the  hospital  showed  that 
the  patient  remained  in  any  position  in  which  he  was  placed,  with  eyes  turned  toward 
the  right.  Every  evidence  of  meningitis  was  present  except  a  positive  Koernig.  Further 
physical  examination  was  negative  except  for  slight  dullness  and  increased  breath  sounds 
both  anteriorly  and  posteriorly  over  the  right  lung  more  marked  at  the  base  than  else- 
where. A  few  moist  rales  were  also  present.  A  diagnosis  of  meningitis  was  made.  Lum- 
bar puncture  yielded  40  c.c.  of  turbid  spinal  fluid  under  pressure.  The  cell  count  was 
276  per  c.mm.  and  smears  showed  several  organisms  which  appeared  to  be  gram-negative 
cocci,  some  seemed  to  be  in  chains  and  were  not  typical  of  meningococci.  There  is  no 
record  of  cultures  having  been  made  on  the  spinal  fluid  during  life.  Daily  lumbar  punc- 
tures showed  the  same  type  of  fluid  until  death  occurred  on  April  17,  1917.  The  body 
was   brought  to   the   Singer   Laboratory    for  autopsy. 

Autopsy  Report. — .\utopsy  (Drs.  Plumer  and  .\llison).  The  body  was  one  of  a  well- 
developed  and  moderately  well-nourished  white,  male  child  apparently  about  one  year  old. 
The  pupils  were  unequal,  the  abdomen  was  retracted  and  the  right  knee  was  swollen. 
No  other  unusual  conditions  were  noted  externally.  The  thymus  gland  was  relatively 
small.      The   other   thoracic   and   abdominal    organs    were   greatly   congested   and    otherwise 
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appeared   iic.uativc.     The   iiupniiant    iiatli  >l()!^ic   changes    were   contained   within    the   cranial 
cavity  and  spinal  canal. 

Brain. — The  dura  was  distended  from  internal  pressure.  The  cerehrum  was  covered 
with  a  yellowish  filirinous  exudate  which  formed  a  ])art  of  a,  memhrane  extending  more 
or  less  completely  over  all  of  the  hrain  surfaces.  Over  both  upper  and  lower  surfaces 
of  the  frontal  IoIk-s  the  memhrane  was  so  thick  and  shaggy  that  the  vessels  were  entirely 
obscured.  The  Sylvian  fissures  were  completely  fdled  with  the  exudate.  Over  the  parietal 
and  occipital  lobes  the  membrane  was  not  so  thick  and  the  greatly  congested  pial  vessels 
stood  out  prominently.  About  the  optic  commissure  and  infundibulum  and  over  the  cere- 
bral peduncles,  pons,  medulla  and  lower  surfaces  of  the  cerebellum  the  exudate  was  again 
very  thick.  The  left  lower  cerebellar  surface  was  covered  with  a  somewhat  thicker  layer 
of  fibrin  tlian  tiic  right  and  the  superior  surfaces  of  both  cerebellar  lobes  were  prac- 
tically   free.     The   general  appearance  and   the  boggy    feel   of   the   cerebrum   suggested   the 
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Fig.   1. — Direct  smear  of  sputum  showing  influenza  liacilli.     _.   1  mi;.  ^  .r,lu-iKjia'  culture  sliowing  early  divisioij 
forms   and    spirals.      3.    Seventy-twohour    culture    showing    filamentous    involution    forms. 

presence  of  fluid  in  the  lateral  ventricles  but  the  lirain  was  placed  unopened  in  a  harden- 
ing fluid.  The  cord  was  covered  witli  a  similar  membranous  exudate.  Both  middle  ears 
contained  yellow  pus. 

Microscopic  Description. — Microscopically  the  meninges  were  seen  to  be  covered  with 
a  sero-fibrino-purulent  membrane  of  varying  thickness.  All  of  the  sections  showed  the 
presence  of  an  abundance  of  fibrin  which  was  of  the  filamentous  nonhyalinc  ty])e,  the 
strands  of  which  were  widely  separated  by  serous  and  cellular  exudate.  In.  the  thicker 
portions  the  cellular  elements  pri'dominated  with  a  high  ijroportinn  of  polymorpho- 
nuclear cells;  many  plasma  cells  and  phagocytic  endothelial  cells  also  being  iiresent.  A 
lew  short  gram-negative  bacilli  were  made  out.  These  were  both  intra-  and  extracellular. 
The    smaller   vessel    walls    were    swollen    and    infiltrated    with    leucocvtes.      The    connective 
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tissue  crlN  ni'  the  Ilia  wire  ^udilin  ami  cik-matous.  'J'Ik-  lirain  substance  yiroju-r  iircscnted 
no  t'sidiiU   iliangcs  bcNuiid  a   uiarkid  edema. 

Tile  lungs  were  edematous  and  the  bronchioles  were  fdled  with  an  acute  exudate, 
which  was  composed  chiefly  of  leucocytes  and  fibrin  and  which  contained  very  small 
gram-negative  liacilli  and  a  lew  other  Iracteria.  The  kidneys  showed  marked  tubular 
degeneration,  congestion   and   edema.     The  otiier  organs   were  not    remarkalde. 

Bacteriological  Report. — Direct  smears  from  meningeal  exudate  were  negative.  Cid- 
tures  were  taken  at  autopsy  from  the  cerebrospinal  fluirl,  lepto  meninges,  base  of  the 
brain  and  from  the  middle  ears.  The  middle  cars  and  the  meningeal  culture?  contained  a 
predominance  of  very  fine  short  gram-negative  bacilli,  which  at  first  were  difficult  to  dis- 
tinguish from  diplococci.  This  organism  was  also  found  in  pure  culture  in  the  spinal 
lluid.  It  grew  only  on  blood  agar  and  required  forty-eight  hours  for  it^  development. 
Since  it  was  recovered  in  pure  culture  from  the  spinal  fluid  at  autopsy  it  i'-  reasonable 
to  assume  that  it  was  the  same  organism  which  was  found  in  the  spinal  fluid  before 
death.  This  organism  was  in  every  respect  identical  with  the  influenza  bacillus.  There 
were  a  few  gram-positive  cocci  recovered  from  the  meninges  and  aho  from  the  mastoid 
cells.  These  were  staphylococci  and  were  perhaps  a  contamination  from  opening  the 
cranial  cavity  as  they  were  only  very   few  in   number. 

Case  \l.— Influenzal  Meningitis.— Bahy  H.  Patient  of  Dr.  L.  C.  Fausold.  A  well- 
nourished  male  child  ten  months  of  age.  The  father  said  that  the  child  had  been  strong 
and  well  until  a  short  time  before  the  present  illness  when  it  developed  a  cold  which 
lasted  several  days  and  was  followed  by  a  profuse  discharge  from  the  nose  and  from 
the  left  eye.  There  was  also  a  marked  swelling  developed  over  the  region  of  the  left 
maxillary  sinus.  These  had  subsided  somewhat  when  the  patient  (November  21,  1917) 
began  to  show  signs  of  meningeal  irritation.  By  the  twenty-third  definite  symptoms  of 
meningitis  were  present.  About  30  c.c.  of  cerebrospinal  fluid  was  withdrawn  by  Dr. 
Fausold  w^ho  stated  that  it  was  under  great  pressure.  The  fluid  was  very  turbid,  so 
much  so  that  a  heavy  precipitate  had  formed  in  the  bottom  of  the  tube  by  the  time  it 
was  received  at  the  laboratory.  A  cell  count  was  not  made  on  account  of  the  extreme 
turbidity.  Direct  smears  were  made  from  the  sediment  and  stained  by  Gram's  method, 
which  showed  the  cells  to  be  practically  all  of  the  polymorphonuclear  type.  Through- 
out each  microscopic  field  extracellular  and  occasionally  intracellular  gram-negative  bacilli 
were  found  which  varied  greatly  hi  size.  The  majority  of  these  bacilli  were  slightly  larger 
than  the  average  influenza  bacillus  and  gave  the  appearance  of  the  leptothrix  group  of 
organisms.  Cultures  of  this  organism  proved  to  be  a  pure  culture  of  Bacillus  influenzae. 
Lumbar  punctures  were  done  daily  for  several  days  giving  temporary  relief  and  the  spinal 
fluid  became  much  less  turbid.  The  patient  appeared  greatly  improved  for  about  a  week 
or  ten  days  but  became  very  much  worse  and  died  December  5,  fourteen  days  after  de- 
velopment of  symptoms.  Pure  cultures  of  the  same  organism  were  recovered  from  the 
fluid  obtained  at  subsequent  punctures. 

Case  lU.— Frontal  Sinusitis.— Mr.  H.  C.  Patient  of  Dr.  Robert  Milligan.  Allegheny 
General  Hospital.  A  young  white  man,  twenty-three  years  of  age.  Occupation,  engineer. 
Family  history  and  past  history  negative.  Present  illness  began  in  February,  1917,  with 
an  attack  of  grippe.  This  lasted  several  days  and  after  he  was  up  he  noticed  a  swelling 
over  his  upper  right  eyelid.  This  became  very  painful  and  his  physician  incised  it.  A 
large  amount  of  pus  was  evacuated  and  continued  to  drain  through  the  incision,  so  that 
a  sinus  was  formed.  He  finally  sou^^ht  the  services  of  an  ophthalmologist  and  was  treated 
with  injections  of  silver  nitrate  without  benefit.  On  July  7,  1917.  the  sinus  wtis  curetted 
and  some  pieces  of  necrotic  bone  removed.  The  discharge  continued  and  he  was  trans- 
ferred to  the  service  of  Dr.  Milligan  in  Septemlier.  Attempts  were  made  to  institute 
drainage  from  the  frontal  sinus  through  the  nose  by  doing,  first  a  turbinectomy  and  later 
a  high  submucous  resection  of  the  septal  plate.  These  methods  each  failed  to  relieve 
the  condition  and  on  Novemlier  6  the  discharging  sinus  was  incised,  the  anterior  wall  of 
the  frontal  sinus  removed,  thorough  light  curettage  done,  the  wound  packed  and  drain- 
age established  both  externally  and  through  the  nose.  The  discharge  remained  very  pro- 
fuse despite  the  fact  that  the  wound  was  being  irrigated  two  or  three  times  daily  alter- 
nating with  a  weak  solution  of  potassium  permanganate  and  distilled  water.  A  culture  was 
made  at  this  time  which  showed  almost  pure  culture  of  Bacillus  influenzae  with  an  e^ccasional 
colony  of  hemolytic  streptococci.  A  vaccine  was  prepared  from  this  and  given  at  four- 
day  intervals.  It  produced  a  rather  severe  local  reaction  especially  after  the  first  few 
injections.     There  was  decided  improvement  in  the  patient's  general  condition  and  lessen- 
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ing  of  the  discliar.m-  after  the  second  injeelion.  Ahli()U,L;li  there  was  still  a  slight  amount 
of  disoliarse  from  tiie  wound  it  was  impro\in,L'  and  the  patient  was  dismissed  from  the 
fiospital  Decemiier  1'),  1Q17.  At  that  time  cultures  from  the  i)us  were  negative  for  Bacillus 
influcnz;e. 

Cask  W.—Proiilal  Siiiitsitis.—Vaticnt  of  Dr.  Milligan.  Allegheny  General  Hospital. 
A  white  man,  aged  thirty-two  years.  Occupation,  toolmaker.  Family  history  negative. 
Past  history  negative  except  for  an  apparent  susceptibility  to  colds,  which  he  had  had 
three  or  four  times  during  the  last  year.  The  patient  savs  that  two  years  ago  he  began 
to  have  pain  over  the  left  side  of  the  face;  he  had  a  tooth  extracted  but  this  failed  to 
give  relief.  Since  that  time  the  pain  has  been  intermittent.  The  pain  would  start  at 
the  inner  canthus  of  the  left  eye  and  spread  over  the  left  side  of  the  face  and  head. 
Nothing  had  been  done  surgically  to  relieve  the  condition,  but  he  had  seven  years  pre- 
viously had  a  submucous  resection  of  the  nasal  septum  on  the  left  side.  During  the  past 
few  months  he  had  had  the  frontal  sinus  probed  through  the  nose  several  times  in  an  at- 
tempt to  establish  thorough  drainage  through  this  route.  Each  probing  was  followed  by 
prompt  relief  but  it  was  only  temporary.  On  November  20,  1917,  an  incision  was  made 
over  the  left  superciliary  ridge,  a  trephine  done  and  a  small  portion  of  bone  forming 
the  antericu  wall  of  the  frontal  sinus  was  removed.  Light  curettage  of  the  frontal  sinus 
was  done,  the  anterior  ethmoid  cells  opened  and  the  superior  turbinate  and  bulla  eth- 
moidalis  removed  and  a  gauze  drain  passed  down  through  the  opening  thus  formed.  The 
external  wound  was  closed  and  the  drain  allowed  to  remain  in  position  two  or  three  days. 
No  further  local  treatment  was  given  except  necessary  dressings.  A  culture  taken  from 
the  frontal  sinus  at  operation  showed  a  predominance  of  Bacillus  influenzas  with  a  few 
staphylococci  and  streptococci.  A  vaccine  was  prepared  for  this  patient  and  given  as  in 
Case  III,  but  the  results  were  not  so  encouraging. 

The  bacteriological  findings  in  these  four  cases  were  interesting  in  that  they  repre- 
sented two  different  types  or  forms  of  the  Bacillus  influenzae.  First,  the  small  short  "text- 
book" type  and  second  the  long  filamentous  or  streptothrix-like  forms  called  by  Pfeiffer 
"scheinfadenbildung"  or  involution  forms.  Attention  has  also  been  called  to  these  two 
forms  by  Wollstein,^  Henry,-*  Ritchie^  and  Bhat.*"  Wollstein  states  that  the  shorter  forms 
which  she  used  were  obtained  from  the  sputum  of  influenzal  patients  and  the  longer  forms 
from  patients  with  influenzal  meningitis.  She  found  the  long  ones  to  be  of  much  higher 
pathogenicity  than  the  shorter  ones. 

In  the  four  cases  reported  above,  the  short  forms  were  isolated  from  Cases  I  and  IV 
and  the  longer  ones  from  Cases  II  and  III.  In  each  of  the  first  three  cases  it  required 
forty-eight  hours  for  the  development  of  the  characteristic  pin  point  or  dewdrop  colonies 
on  blood  agar  while  in  the  last  case  they  developed  in  twenty-four  hours.  This  latter 
occurrence  may  have  been  due,  as  others  have  suggested,  to  the  presence  of  the  strepto- 
coccus and  staphylococcus  associated  with  the  Bacillus  influenzae.  A  point  against  this 
is  that  after  it  had  been  isolated  in  pure  culture  the  growth  was  equally  as  rapid.  All  of 
the  cultures  showed  a  tendency  for  the  colonies  on  blood  agar  to  remain  discrete.  Each 
failed  to  grow  on  any  of  the  ordinary  media  except  blood  agar  and  litmus  milk,  the  latter 
being  alkalinized  in  about  six  or  seven  days.  The  short  forms  in  Cases  I  and  IV  retained 
their  original  morphology  as  long  as  they  were  kept  on  culture  media,  which  was  for 
a  period  of  several  weeks.  There  was  no  tendency  toward  the  formation  of  the  longer 
or  involution  forms.  The  shorter  forms  predominated  in  Cases  II  and  III  when  the  cul- 
tures were  first  isolated,  but  after  the  first  transfers  the  long  filamentous  forms  began  to 
appear  and  were  soon  in  the  majority  with  only  a  few  of  the  short  ones  remaining.  It 
was  noted  that  these  long  filaments  were  generally  found  on  the  lower  part  of  the  cul- 
ture tube  near  the  water  of  condensation,  which  suggested  that  the  moisture  of  the  media 
might  have  some  effect  on  their  production.  Transfers  were  therefore,  made  from  a 
culture  containing  the  long  type,  to  blood  agar  which  had  been  well  dried  for  several 
hours  in  a  paraffin  oven.  Colonies  developed  on  this  medium  in  forty-eight  hours  as  on 
the  fresh  moist  medium  but  smears  from  these  showed  the  bacilli  to  be  practically  all 
of  the  short  variety.  Transfers  to  the  moist  blood  agar  showed  a  return  to  the  long 
filamentous  forms,  showing  fairly  conclusively  that  we  were  dealing  with  two  phases  of 
the  same  organism  and  not  with  different  organisms.  There  seems  to  be  a  definite  re- 
lationship between  the  development  of  influenzal  meningitis  and  infections  of  the  frontal 
and  maxillary  sinuses  and  mastoid  cells,  a  point  previously  mentioned  by  Cohoe^  and 
Ritchie.  In  one  of  our  cases  the  meningitis  was  preceded  by  an  infection  of  the  mastoid 
cells  and  in  the  other  by  an  infection  of  the  maxillary  sinus. 
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SIM  M  AKV 

111  all  cases  of  iiiciiin^ilis,  citlirr  iniiil  or  severe,  of  indefir.itc  etiology  it  is 
a(l\isaI)K'  lo  eenliifu,L;<'  llic  spinal  llui<i  aiul  cnllure  it  on  various  media,  always 
usini;-  blood  aj^ar.  ( >l)ser\atioiis  on  this  should  \>r  made  for  at  least  forty-cij^ht 
hours  before  a  t1ef,^'ltive  report  is  made. 

The  ]iresence  of  j,M-am-iiet(ati\ c  baeilli  in  direct  smears  or  on  cultures  from 
cerebrospinal  lluid  or  from  the  accessory  sinuses  of  the  respiratory  tract  should 
be  looked  upon  as  i)robable  liacillus  influenzae.  Tliis  is  especially  true  when 
long  filanu-nlous   forms  are  ])resent. 

There  arc  piob.ably  two  ly])es  of  Bacillus  inlluenzse  as  suggested  by  the 
cases  reported  here;  the  one  which  retains  its  original  short  bacillary  form  in- 
definitelv  on  artificial  media  and  the  other  which  readily  develops  filamen- 
tous forms  after  a  few  days  on  moist  blood  agar. 

v^inus  infections  with  the  Bacillus  intfuenzcC  should  have  early  and  adequate 
drainage  to  prevent  the  danger  of  a  complicating  meningitis. 

Note;. — Since  the  completion  of  the  above  work,*  ]\Iajor  H.  E.  Robertson 
of  the  American  Expeditionary  P'orce  in  France,  has  reported  the  recovery  of 
B.  influenzae  from  the  accessory  sinuses  of  fourteen  cases  at  autopsy :  seven 
times  out  of  eight,  cases  of  influenzal  trachef)bronchitis ;  six  times  from  patients 
dead  from  other  infectious  diseases ;  and  twice  from  men  dying  of  accidental 
causes.  Major  Robertson  did  not  go  into  the  cultural  characteristics  nor 
morphological  differences  of  the  bacillus.      (S.R.H.) 
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THE  COMPARATIVE  VALUES  OF  SOME  LOCAL  ANESTHETICS* 

By  Herbi^rt  C.  Hamii,tox,  Detroit,  Mich. 


NOVOCAINE,  while  conceded  to  be  somewhat  less  effective  in  practice  than 
cocaine,  has  gained  a  reputation  for  effectiveness  which,  taken  along  with 
its  stabihty  in  solution  when  lieated  to  sterilize,  its  lower  toxicity,  and  its  free- 
dom from  habit-torming-  effects,  has  made  it  second  to  none  in  its  general  ap- 
plicability. \\'hile  it  is  true  that  most  of  the  defects  of  cocaine  can  be  overcome 
by  one  means  or  another  the  disappearance  of  novocaine  from  the  market  has 
been  generally  regarded  as  a  distinct  loss. 

A  recent  addition  to  the  list  of  local  anesthetics  is  apothesine,  which  has 
proved  to  be  not  merely  a  substitute  for  novocaine  and  cocaine  but  a  product 
worthy  of  closest  investigation.  Unfortunately,  in  a  series  of  experiments  by 
Sollmann^  in  which  he  examined  some  of  the  most  important  local  anesthetics 
this  product  was  passed  over  as  of  minor  importance. 

The  reason  advanced  by  Sollmann  for  reopening  an  investigation  of  local 
anesthetics  namely  "the  wish  to  select  'the  best'  "  is  sufficient  reason  for  this 
publication,  with  the  added  incentive  that  while  his  work  is  apparently  com- 
prehensive, covering  as  it  does  the  efficiencies  of  a  number  of  substances  by 
five  different  methods  of  valuation,  the  whole  field  is  not  fully  covered,  since 
apothesine  is  included  in  the  tests  of  only  two  of  the  five  series. 

The  first  series  of  his  experiments,  and  the  first  one  appearing  in  complete 
detail,-  is  that  describing  the  comparison  of  a  number  of  local  anesthetics  on  the 
sciatic  nerve  of  the  frog.  One  would  assume  from  reading  the  first  article  that 
apothesine  had  not  come  to  the  author's  attention. 

In  two  subsequent  test-methods,  however,  it  is  included — in  the  cornea  test 
and  in  the  intracutaneous  test.  Based  on  the  results  obtained  by  the  first  of 
these  two  methods  he  concluded  that  novocaine  and  apothesine  are  inefficient 
relatively  to  cocaine,  although  apothesnie  is  100  per  cent  more  active  than 
novocaine.  In  the  intracutaneous  test  his  results  would  indicate  that  novocaine 
is  fully  equal  to  cocaine  while  apothesine  is  only  one-eighth  as  efficient. 

Since  Sollmann's  experiments  led  him  to  conclusions  radically  different  from 
those  which  we  have  observed  the  subject  is  reopened  to  include  the  comparison 
of  apothesine  with  other  anesthetics  by  three  of  the  methods  he  applied  and  to 
point  out  what  are  evidently  errors  in  his  work. 

As  in  Sollmann's  paper  this  publication  does  not  touch  on  the  toxicity  since 
there  are  different  interpretations  to  be  placed  on  results  obtainable  by  almost 
any  method.  The  important  feature  in  this  respect  is  that  apothesine  is  only 
one-fifth  as  toxic  as  cocaine  by  subcutaneous  injection  into  guinea  pigs  and  that 
in  relatively  large  doses  no  systemic  effects  have  been  in  evidence.  Local  ir- 
ritation, too,  is  a  clinical  problem  and  may  logically  be  omitted  from  this  dis- 
cussion. 

As  to  the  relative  merits  of  the  different  methods  of  examination  of  local 
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ancslliclics  thi>  Ino  imi>l  he  left  to  llic  ultini;itc  judi^'mciit  of  the  clinician.  '1  he 
use  of  a  new  anesthetic  is  necessarily  ^^^overned  hy  its  relative  efficiency,  first  of 
all  as  shown  hv  lahoralory  tests  hul  Inially  hy  observation  of  its  action  in  prac- 
tical use. 

Amoni,^  the  lal. oratory  tests  that  have  been  devised  for  investigation  of  local 
anesthetics  there  are  three,  each  of  which  appears  to  have  a  very  direct  bearing 
on  the  clinical  ajjplication  of  these  snbstances,  namely — the  intracutaneous,  com- 
parable to  infiltration  anesthesia;  the  nerve  trunk  anesthesia,  comparable  to 
nerve  blocking  or  conduction  anesthesia;  and  surface  anesthesia— the  mucous 
membrane  of  the  eye,  nose  and  throat — reproduced  by  application  to  the  frog's 
foot  or  to  the  cornea. 

If  the  results  of  testing  the  different  local  anesthetics  by  the  different 
methods  agreed  relatively,  this  would  show  that  comparison  by  any  one  of  the 
methods  would  give  the  relative  efficiencies.  That  this  is  not  true,  however,  is 
apparently  shown  by  observing  the  varying  ratios  obtained  by  both  Sollmann 
and  ourselves.  The  laboratory  results  are  therefore  only  suggestive,  and  do 
not  absolutely  demonstrate  the  clinical  value  of  a  local  anesthetic. 

In  the  following  experiments  the  hydrochlorides  of  each  of  the  local  anes- 
thetics tested  were  used  in  every  case,  no  experiments  having  been  conducted 
after  neutralization.  Experiments  with  mixed  anesthetics  w-ere  also  omitted  as 
having  no  direct  bearing  on  the  object  of  the  paper. 

MOTOR   NERVE   ANESTHESIA 

The  method  most  commonly  used  for  testing  the  value  of  a  local  anesthetic 
where  exact  data  is  desirable,  is  to  apply  the  anesthetic  to  the  sciatic  nerve  of 
the  frog,  the  nerve  being  separated  at  its  point  of  branching  from  the  spinal 
column.  The  objection  has  been  made  that  this  is  a  determination  of  motor 
nerve  anesthesia  only  and  no  evidence  of  efficiency  on  the  sensory  nerves.  It 
has  been  demonstrated,  however,  that  the  sensory  nerves  are  the  first  to  be 
anesthetized^  and  therefore  a  measure  of  motor  nerve  anesthesia  is  a  fair  indi- 
cation that  the  sensory  nerves  are  at  least  equally  anesthetized.  Objection  has 
also  been  made  that  this  method  is  very  different  from  the  practical  use  of 
anesthetics,  but  on  this  point,  too,  there  are  counterbalancing  reasons  which 
give  the  method  practical  value  for  measuring  anesthetics.  This  test  shows  at 
once  the  nerve  blocking  value  such  as  results  from  subcutaneous  and  subdural 
injections  and  as  this  is  one  of  the  uses  of  local  anesthesia,  its  measurement  is 
of  primary  importance.  This  method  also  meets  one  of  the  requirements  of 
physiological  testing  in  its  accuracy  of  measurement,  the  exposed  nerve  can 
so  easily  be  irritated  to  determine  the  degree  of  anesthesia  when  either  the 
strength  of  solution  or  the  length  of  time  is  the  measuring  factor.  The  accuracy 
of  measurement  is  not  affected  by  the  factors  which  may  affect  the  intracutaneous 
method,  one  of  which  is  the  pressure  of  the  solution  and  another  its  character, 
such  as  tonicity,  concentration,  irritation,  diffusibility. 

As  a  sole  method  of  valuing  local  anesthetics  it  would  fail  to  give  a  true 
picture,  but  taken  as  one  of  several  methods,  especially  along  with  that  of  sub- 
cutaneous administration  the  nerve  blocking  action  is  undoubtedly  of  primary 
importance  and  deserves  especial  consideration. 
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This  phase  of  the  suhjcct  lias  been  so  tliorout^hly  covered  by  other  in- 
vestigators that  no  further  description  is  necessary  and  only  ad(Htional  (hita  or 
materially  ditiferent  results  furnish  an  adequate  reason  for  further  publications. 

While  working  with  the  intent  to  verify  or  disjirove  vSollmann's  results  the 
method  followed  was  varied  to  the  extent  that  no  work  was  carried  out  with 
the  high  dilutions  he  employed,  these  having  no  practical  bearing  on  the  subject. 

Tami.iv  I 
Ankstiucsia  as   Shown  bv   Kksi'onsk  to  Curkknt   Aftkr   Minutes 


SUBSTANCE 

Cocaine 


DILUTION  U 

0.5 


10 


12 

+ 


15 


20         25 


Cocaine 


Novocaine 


Novocaine 


Apothesine 


Apothesine 


1.0 


0.5 


1.0 


0.5 


1.0 


+ 

±  + 

+ 


±  + 

±  ±  + 


KCl 


0.5 
1.0 


Table  II 

Time  in  Minutes  Required  for  Complete  Anesthesia  of  the  Whole   Length   of  the 

Sciatic  Nerve 


.05%  SOLUTION 

1%  SOLUTION 

Cocaine 

12-25 

10-12 

Novocaine 

20-25 

10-12 

Apothesine 

15-25 

10-12 

Potassium  Chloride 

25 

12 

It  was  planned  to  use  such  dilutions  only  as  would  bring  about  complete  anes- 
thesia in  five  to  ten  minutes  but  the  lower  time  limit  was  in  no  case  sufftcient 
with  the  dilutions  used. 

The  irritation  was  produced  from  a  three  cell  battery  through  a  secondary 
with  5000  windings  adjusted  to  a  point  where  the  current  is  just  perceptible  on 
the  tongue. 

The  sciatic  nerve  of  the  frog  is  dissected,  leaving  a  small  piece  of  the  bone 
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att.ulud,  tor  coiurniciuc  in  liaiidlini,',  and  lia\iM^f  the  whole  mu-cle  Ik-Iow  the 
knee  skinned  hut  otherwise  intact. 

After  (leterniinint^  that  its  response  to  stimulation  is  good,  the  whole  nerve- 
muscle  preparation  is  immersed  in  the  solution,  testing  frequently  after  five 
minutes  to  determine  when  anesthesia  begins  and  its  progress.  It  will  be  ob- 
served that  no  account  is  taken  of  certain  features  which  have  formed  an  im- 
portant part  ol  the  reports  of  other  in\estigators,  namely,  the  response  to  varied 
degree  of  current,  the  resjjonse  from  api)lication  of  stimulus  to  different  portions 
of  the  nerve,  the  exact  beginning  of  paralysis,  its  duration  or  the  recover^'. 
W  Iiile  these  factors  are  not  unimportant  this  series  of  tests  was  made  primarily 
to  compare  the  efficiency  of  several  local  anesthetics,  ancl  for  this  purpose,  one 
end  point  may  be  considered  as  good  as  another,  other  things  being  equal.  The 
end  point  chosen  was  therefore  that  dilution  which  would  paralyze  the  motor 
nerve  all  the  way  to  its  disappearance  into  the  tissue  below  the  knee,  in  a  period 
of  approximately  ten  minutes.  Howe\er,  for  comparisrjn  and  as  evidence  of  dif- 
ferent degrees  of  anesthesia  records  of  other  times  and  of  other  dilutions 
are  included. 

In  the  table,  —  means  practically  no  degree  of  anesthesia,  ±:  means  partial 
anesthesia  in  the  sense  of  progress  along  the  nerve,  -j-  means  complete  anesthesia 
except  the  nerve  just  at  its  disappearance  into  the  tissue  of  the  leg. 

From  Table  I  the  efficiencies  of  the  four  anesthetics  are  apparently  so 
nearly  equal  that  for  all  practical  purposes  their  values  by  this  method  may  be 
taken  as  equal,  as  shown  by  Table  II  which  summarizes  the  results. 

Comparison  of  these  results  with  those  of  Sollmann  shows  that  there  is 
absolute  agreement  in  ratio  so  far  as  each  of  us  carried  our  experiments  but  that 
the  efficient  concentrations  used  are  somewhat  different.  This  is  probably  due  to 
the  selection  of  different  constants  and  not  to  errors  on  either  side. 

The  added  data  on  apothesine  is  valuable,  since  the  \irtual  agreement  on 
the  others  points  to  a  probable  agreement  on  this  substance. 

surface:  anesthesia 

The  method  is  that  of  Gradenw  it/.''  who  first  applied  it  as  a  means  of  deter- 
mining the  relative  values  of  local  anesthetics.  The  brain,  medulla  and  heart 
of  the  frog  are  removed  and  the  blood  washed  out  to  prevent  general  absorp- 
tion of  the  substance  which  is  being  tested.  In  applying  this  method,  one  leg, 
after  renioxing  excess  moisture,  is  dipped  into  the  diluted  anesthetic  for  1 
minute,  after  which  it  is  laid  in  a  vessel  containing  cold  water  but  with  the  legs 
not  immersed  and  separated  so  that  none  of  the  anesthetic  touches  the  control 
leg.  At  five  minute  intervals  both  feet  are  dipiied  into  a  weak  solution  of  hydro- 
chloric acid  (about  1/5  per  cent)  and  the  behavior  closely  observed.  When 
no  anesthesia  has  taken  place  both  legs  are  withdrawn  with  equal  promptness 
while  as  anesthesia  progresses  the  treated  leg  is  more  slowly  withdrawn  until 
on  complete  anesthesia  it  is  not  withdrawn  at  all  while  the  control  leg  reacts 
as  promptlv  as  at  first.  After  each  stimulation  both  legs  are  dipped  in  water  to 
remove  any  adhering  acid. 

The  objection  has  been  raised  that  there  is  no  direct  relationship  between 
this  method  and  clinical  practice ;  on  the  other  hand  the  frog's  skin  being  al- 
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ways  moist  is  in  a  sense  eoniparalile  to  tlie  nuicons  mcni])rane  and.  in  this  respect, 
is  an  experimental  method  for  obtaining  relative  values  for  mucous  membrane 
anesthesia.  Besides,  it  is  a  method  with  a  reaction  susceptible  of  quite  exact 
measurement  and  as  such  takes  its  place  as  a  valuable  pharmacologic  assay 
method  for  establishing  relative  values.  The  values  so  obtained  may  not  be  ca- 
pable of  direct  application  as  has  been  stated  about  other  methods  but  without 
question,  they  are  not  to  be  ignored  in  assigning  the  real  position  of  a  local 
anesthetic. 


T.ABI.E  III 

TIME  AND  RESULT  OF  OBSERVATI 

ON 

SUBSTANCE 

DILUTION 

% 

5 

10 

15 

20 

25 

30 

35 

40          45 

Cocaine 

2 

+ 

■1- 

+ 

+    . 

2 

-L 

+ 

+ 

+ 

0 

1 

+ 

T 

++ 

0 

1 

+ 

++ 

++ 

+ 

+ 

+ 

+ 

0 

V2 

+ 

+ 

+ 

+ 

+++ 

0 

1/2 

+ 

±±± 

+++ 

++ 

±±± 

±±± 

.    0 

-^ 

- 

+ 

+ 

+-»- 

+++ 

-^+-^ 

±±± 

±±±         0 

Novocaine 

2 

- 

+ 
+ 
+ 

+ 
+ 

0 
0 

3 

- 

± 

+± 

++ 

++ 

+± 

+ 

0 

3 

- 

- 

- 

+ 

+ 

++ 

++ 

+± 

3 

- 

+ 

++ 

+ 

0 

3 

- 

+ 

++ 

++ 

+±+ 

0 

Apothesine 

^7c 

(1 

+ 

+ 

+ 

0 

u 

+ 

+ 

+ 

++ 

++ 

+ 

Apothesine 

3 

- 

+ 

++ 

++ 

+±+ 

-t- 

4- 

-I--M- 

3 

- 

+ 

++ 

++ 

++ 

+ 

0 

3 

++ 

+ 

++ 

++ 

++ 

4- 

+ 
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L'MMARY 

OF  Table  IV 

EFFECTIVE 

RATIO  OF 

SUBSTANCE 

DILUTION 

EFFECTIVENESS 

Cocaine 

H 

ydrochloride 

1 

per 

cent 

1 

Novocaine 

3 

" 

" 

li 

Apothesine 

3 

" 

" 

% 

Potassium 

Cliloride 

3 

" 

" 

'^ 

Table  III  shows  the  detailed  results  in  which  equally  prompt  withdrawal  of 
the  legs  is  represented  by  — ,  progressive  anesthesia  by  ±:,  while  complete  anes- 
thesia of  the  treated  member  only  is  represented  by  -{-.  When  neither  leg  will 
respond  to  stimulation  this  condition  is  represented  by  0. 
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C'Dinpariiii^f  ihoc  iclativc  c-tlicicncies  with  those  oht.'iinc-d  hy  SoUmaiin  it  is 
scfii  that  he  toimd  it  necessary  to  use  a  solution  of  no\ocaine  ^ix  times  as  strong 
as  that  of  cocaine  as  ai^ainst  one  three  times  as  stronj,'  in  Table  III.  Also  that 
of  KCl,  the  efficient  strength  was  twelve  times  as  great  as  for  cocaine  against 

three  tinu->  in  Talile  1 1. 

I  N  T  k  A  C  U  T  A  N  no  U  S    M  P:T  H  OD 

Tliis  method  ha>  the  distinct  advantage  of  most  nearly  duplicating  one  of 
the  important  uses  of  a  local  anesthetic  since  it  is  carried  out  in  a  way  almost 
identical  with  that  in  clinical  practice.  Particular  care  was  taken  in  the  tests 
tabulated  below  to  prevent  the  unintentional  prejudice  which  knowledge  of  what 
was  injected  might  have. 

The  injections  were  made  by  a  practicing  physician  into  the  forearms  of 
the  subjects,  who  were  asked  to  respond  only  when  pain  was  felt  when  a  needle 
prick  was  made  on  the  anesthetized  area  or  the  adjacent  skin. 

Experiments  ox  First  Subject  (H.  C.  H.) 
First  Scries 


AMOUNT 

DILUTION 

RESULT 

Cocaine 

0.25  c.c. 

1-500 

Complete 

Xovocaine 

0.25  c.c. 

1-200 

Complete 

Apothesine 

0.25  c.c. 

1-200 

Complete 

Phys.   Salt 

Sol. 

0.25  c.c. 

No  anesthesia 

Anesthesia  was  so  complete  that  no  distinction  could  be  drawn  between 
the  diflFerent  injections.  The  second  series  was  therefore  made  with  the  same 
ratio  of  strengths  but  each  reduced  to  half  that  in  the  preceding  series. 


Secori 

id 

S, 

n-ies 

AMOUNT 

DLLUTION 

RESULT 

Cocaine 

0.2  c.c. 

1-1000 

Complete 

Xovocaine 

0.2  c.c. 

1-400 

" 

Apothesine 

0.2  c.c. 

1-400 

" 

In  this  test  while  anesthesia  was  complete  in  every  case  it  seemed  more 
persistent  in  the  area  injected  with  apothesine  and  in  the  next  series  the  strength 
of  the  latter  only  was  changed. 


Third 

S< 

•rics 

A.MOUNT 

DILUTION 

RESULT 

Cocaine 

0.2 

1-1000 

Complete 

Xovocaine 

0.2 

1-400 

Complete 

Apothesine 

0.2 

1-800 

Complete 

In  this  series  the  anesthesia  was  as  nearly  identical  as  impartial  observation 
could  recognize. 

The  experiments  were  continued  the  next  day  on  the  same  subject. 

In  the  data  below  an  attempt  is  made  to  indicate  the  degree  of  anesthesia 
and  its  duration  by  the  number  of  plus  signs. 
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First  Series 
AMOUNT  DILUTION  RESULT 

Cocaine  0.2  c.c.  1-1000 

Novocainc  0.2  1-500 

Apothesine  0.2  1-1000 

Second  Series 
Cocaine  0.2  1-2000  -\-+ 

Apothesine  0.2  1-2000  + 

Third  Series 
Cocaine  0.2  1-2000  -H- 

Ap.itlicsine  0.2  1-1500  -H- 

The  above  injections  were  made  with  not  to  exceed  a  minute  interval  be- 
tween those  of  a  series. 

The  results  of  these  tests  are  summarized  in  Table  V. 

Tabli;  V 

SUBSTANCE  DILUTION  RATIO 

Cocaine  1-2000  1 

Xovocaine  1-1000  J/< 

Apothesine  1-1500  M 

Experiments  on  a  second  subject  (M.  W.)  were  carried  out,  the  degree  of 
anesthesia  being  indicated  roughly  by  the  number  of  plus  signs. 

Experiments  on  Second  Subject 
First  Series 

RESULT 

+++ 

-H- 

+++ 


+ 
4-+ 


DILUTION 

Cocaine 

1-2000 

Novocaine 

1-1000 

Apothesine 

1-2000 

Second  Series 

Cocaine 

1-3000 

Novocaine 

1-2000 

Apothesine 

1-3000 

Novocaine 

1-1000 

These  results  may  be  summarized  in  Table  VI. 

Table  VI   (M.  W.) 


DILUTION  RATIO 


Cocaine  1-3000  1 

Novocaine  1-1000  % 

Apothesine  1-3000  1 


On  a  third  subject  (W.  E.  K.)  the  results  were  as  follows: 

Experiments  on  Third  Subject 

First  Series 

DILUTION  RESULT 

Cocaine                                          1-3000  -t-H- 

Novocaine                                     1-1800  •  ++ 

Apothesine                                    1-3000  4-H- 
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Second  Scrirs 

Cocaine  1-4000  4+ 

Xovocainc  1-2000  + 

Aiioilicsiiic  1-4000  ++ 

TAiti.i:  \1I  (W.  ]•:.  K.) 
Summary  (j.\  Tiiikk  Suisjixt 


SUHSTANCK  DILUTION-  RATIO 


Cocaine  1-4000  1 

Novocaine  1-1,S0(J  less  than  J/^ 

Apothesine  1-4000  1 

ExpERi-MEXTs  ON  Fourth  Subject  (L.  W.  R.) 
first  Scries 

result 


-H- 

++ 

+ 


DILUTION 

Cocaine 

1-2000 

Novocaine 

1-1000 

Apothesine 

1-2000 

Second  Series 

Cocaine 

1-3000 

Novocaine 

1-1800 

Apothesine 

1-3000 

Third  Scries 

DILUTION 

Cocaine 

1-4000 

Novocaine 

1-1500 

Apothesine 

1-4000 

Fourth  Scries 

Cocaine 

1-3000 

Apothesine 

1-3000 

RESULT 


-i-f 

+ 


Summarizing  these  results  the  ratios  are  shown  in  Table  IX. 

Table  VIII 
Summary  of  Average  Results  by  Intracutaneous  Administration 


SUBSTANCE 

RATIO 

Cocaine 

Novocaine 

Apothesine 

1 

Table 

IX 

(L. 

W. 

R.) 

substance 

DILUTION 

RATIO 

Cocaine  1-3000  1 

Novocaine  1-1500  1/2 

Apothesine  1-3000  1 

The  results  of  the  intracutaneous  administration  of  the  three  local  anes- 
thetics summarized  above,  carried  out  as  they  were  on  four  different  persons 
prove  conclusively  two  points,  (1)  novocaine  is  about  one-half  as  efficient  as 
cocaine,  (2)  apothesine  is  practically  equal  to  cocaine  in  anesthetic  value. 
Sollmann's  conclusions  from  his  test  by  this  method,  namely,  that  novocaine 
is  equal  to  cocaine,  and  apothesine  one-eighth  as  efficient  are  evidently  incor- 
rect.     It   is   impossible   to   explain   this   discrepancy.      Xovocaine   anesthesia   is 


68 


THlv    .KH'KNAI,    OK   I<.\nORAT(lRY    AND    CI.INICAI,    MEDICINE) 


well  known  to  he  less  permanent  since  most  observers  have  noted  quick  re- 
covery. This,  however,  was  not  the  factor  in  these  tests  since  the  time  of  re- 
covery was  only  incidental  in  importance  as  compared  with  the  degree  of 
anesthesia  from  the  high  dilutions. 

In  the  introduction  it  was  stated  that  since  tests  of  local  anesthetics  by  dif- 
ferent methods  do  not  show  entire  agreement,  they  can  be  taken  as  only  sug- 
gesting and  not  demonstrating  the  clinical  value.  Viewed  in  another  way,  how- 
ever, it  may  be  said  that  these  tests  demonstrate  comparative  efficiencies  in  the 
particular  method  of  applying  the  substance. 

That  both  novocaine  and  apothesine  are  inferior  to  cocaine  by  surface  ap- 
plication agrees  with  clinical  evidence  which  has  demonstrated  cocaine  to  be 
exceptionally  rapid  in  its  absorption  from  mucous  surfaces.  Braun.*  The  com- 
parative efficiencies  of  cocaine  and  novocaine  by  intracutaneous  injection  also 
duplicates  the  opinion  generally  held  that  the  latter  is  less  efficient.  On  this 
point,  Braun*  states :  "Experience  and  experiments  have,  however,  shown  that  by 
doubling  the  dose  of  novocaine  so  as  to  make  it  as  effective  as  cocaine,  and  at 
the  same  time  by  adding  certain  substances  which  will  be  described  in  the  next 
chapter  (suprarenin)  novocaine  has  become  an  ideal  anesthetic  for  injection 
of  tissues  and  has  made  cocaine  unnecessary."  It  may  be  assumed  therefore 
that  this  method  correctly  measures  the  efficiency  of  apothesine  as  well  as  those 
of  cocaine  and  novocaine.  Verification  of  the  motor  nerve  method  can  not  be 
cited  at  this  time. 

Based  on  the  foregoing  results  it  is  evident  that  from  every  point  of  view 
apothesine  is  equal  to  or  exceeds  novocaine  as  a  local  anesthetic  and  in  some 
respects  is  not  less  efficient  than  cocaine.  We  can  therefore  be  assured  of  sup- 
plies of  an  efficient  product,  independent  of  German  patents  or  controlled  United 
States  laboratories  operating  under  license  to  German  patentees. 

The  author's  appreciation  is  extended  to  Dr.  A.  W.  Lescohier,  who  carried 
out  the  intracutaneous  tests  and  recorded  his  observations;  also  to  three  associ- 
ates who  by  their  courtesy  made  more  data  available. 


Table  IX 


SUBSTANCE 

METHOD 

GRAPHIC    ILLUSTRATION   OE   EEEICIENCIES 

RATIO 

Motor  Nerve 

Surface 

Intracutaneous 

1 
1 

1 

COCAINE 

+  +  +  +  +  +  +  +  +  +  +  +  ++ H- +  +  +  +  +  +  +  +  +  +  + 

Motor  Nerve 

Surface 

Intracutaneous 

1 
V2 

NOVOCAINE 

+++++++++++++ 

Motor  Nerve 

Surface 

Intracutaneous 

1 
1^ 

APOTHESINE 

++++++++++++++++++++++++++ 

/3 

1 
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SIMIMJFIEI)  GAS  ANALYSIS 

Bv  J.  J.  R.  Maclkoi),  M.r>.,  TokuNTo,  Canada 

NO.    II.    BUKlvTTl';    WITIIOIT    STOPCOCKS    TOR    CAS    ANALYSIS 

F(  )lv  jturposes  of  teaching',  as  well  as  for  occasional  use  in  clinical  practice, 
the  usual  types  of  gas  burette  are  unsuitable  because  of  the  care  and  at- 
tention that  has  to  be  given  them  in  order  to  prevent  "freezing"  of  the  stop- 
cocks. Other  objections  to  stopcocks  are  that  they  are  liable  to  leak  unless 
well  ground,  and  the}'  add  considerably  to  the  cost  of  the  apparatus.  The 
increasing  necessity  of  gas  analysis  in  medical  diagnosis  and  in  research  makes 
it  important  that  simple  and  reliable  apparatus  be  available.*  Such  an  appa- 
ratus can  be  constructed  by  using  screw  clips  in  place  of  stopcocks,  pro- 
vided some  means  be  taken  to  adjust  the  gas  pressure  in  the  burette  after  the 
screw  clips  have  been  tightened.  This  can  be  accomplished  by  the  use  of  the 
"pressure  adjuster"  described  below. 

Another  difficulty  which  the  inexperienced  constantl\-  meet  with  in  using 
gas  burettes  of  the  usual  pattern  (Haldane's)  is  in  preventing  the  strong  alka- 
line solution  from  running  up  the  narrow  tubing  which  connects  the  burette 
and  absorption  bulbs.  This  accident  delays  the  analysis,  since  all  traces  of  the 
alkali  must  be  removed  from  the  burette  and  mercury  before  proceeding  with 
the  analysis,  and  moreover  the  alkali,  if  not  removed,  eats  its  way  around  the 
stopcock,  and  causes  etching  of  the  glass  and  "freezing."  In  the  following  ap- 
paratus this  danger  is  guarded  against  by  inserting  a  small  bulb  on  the  con- 
necting tubing.  The  adjustment  of  the  mercury — very  little  of  which  is  re- 
quired— is  simplified  by  using  a  screw  clip  and  pinchcock  on  the  tubing  con- 
nected with  the  leveling  burette. 

DESCRIPTION    OF   THK   APPARATUS 

The  gas  burette  (.0  is  10  c.c.  capacity  from  the  end  of  the  oblique  side 
tube  (F)  to  the  lowest  graduation  on  the  narrow  portion.  The  uppermost 
graduation  corresponds  to  2.2  c.c.  from  the  lowest,  the  distance  between  the  two 
being  divided  into  c.c.  and  1  50th  c.c.  The  bulb  part  of  the  stem  to  just  above  the 
2.2  mark  is  surrounded  by  a  water  jacket.  Above  the  side  tube  (F)  the  burette 
is  continued  into  a  narrow-bored  tube  (narrower  than  represented  in  the  dia- 
gram), with  two  arms  at  right  angles  to  each  other.  These  are  connected  by 
thick-walled  pure-gum  tubing,  with  the  absorption  bulbs  (C  and  D)  containing  re- 


*It  is   not   suggested   that   the   apparatus   herein   described    should    be    employed   by    ihose    accustomed 
to  the  use  of  the  standard  burettes  or  where  expense  is  no   object. 
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si)octivclv  a  20  per  cent  solution  of  NaOH  and  a  60  per  cent  solution  of  KOH 
\\  itli  10  per  cent  pyro^^allic  acid  dissolved  in  it.* 

Each  bull)  is  connected  below  by  rubber  tubing-  witb  tlie  overllow  bulbs 
((/■  and  //).  A  small  bulb  (  rc-latively  smaller  than  represented  in  tbe  dias^ram) 
is  blown  on  the  stem  of  each  absorption  bulb  to  serve  as  a  trap  preventing  the 
solutions  from  passing  over  into  the  burette.  The  vertical  tube  above  the  cross 
tubes  is  closed  bv  the  pressure  adjuster,  which  consists,  as  shown  in  the  small 
side  sketch  in  the  diagram,  of  a  glass  rod  beveled  at  one  end  and  bored  most 
of  the  wav  down  the  center.  At  a  distance  of  about  3  mm.  from  where  the 
beveled  portion  joins  the  tube  a  lateral  hole  is  l)ored  to  meet  the  channel  in 
the  center.  The  adjuster  is  connected  by  pure-gum  tubing  with  the  central 
tube  of  the  burette,  the  beveled  end  of  the  former  being  in  contact  with  the  end 


of  the  latter.  When  the  rubber  tubing  is  pinched  up  opposite  the  side  tube, 
the  burette  is  brought  into  communication  with  the  outside  and  the  pressure  in 
it  remains  undisturbed  when  the  tubing  is  allowed  to  fall  back  into  place. 

The  lower  end  of  the  burette  is  connected  by  thick-walled  rubber  tubing 
with  the  reservoir  (B),  and  on  this  tubing  are  a  pinchcock  (3)  and  screw  clip 
(4).  About  15  c.c.  of  mercury  suffices  to  fill  the  apparatus.  The  reservoir  is 
hung  by  a  loop  of  wire  arovmd  the  neck  on  hooks  placed  on  a  wooden  upright 
stand,  the  higher  one  being  in  such  a  position  (marked  It)  that  the  mercury 
stands  at  the  end  of  the  side  tube  (P),  and  the  lower  one  (marked  II)  so  that 
it  stands  exactly  at  the  mark  09^   on  the  burette. 

*NaOH  may  lie  substituted  for  KOI  I,  but  is  not  so  satisfactory  because  of  its  viscosity.  The  best 
solution  is  made  by  dissolving  pure  NaOH  (electrolytic,  if  possible)  in  an  equal  v^feiglit  of  water, 
diluting  10  c.c.  of  this  solution  with  4  c.c.  water,  and  dissolving  10  gm.  pyrogallic  acid  in  the  resulting 
mixture.      Shipley:      Jour.    Am.    Chem.    Soc,    1916,    xxxviii,    1687. 

i'The  position   1    should   be   at  a   higher  level   than   is   shown   in   the    llgure. 
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'I'lic  liisl  st(,'|>  is  to  till  ll)c  tultiii.^  l)ctuccn  the  siflc  tube  ( ]•' )  and  the  ah- 
<(ii|itii>n  l)ull)s  with  nitroj^cn.  Tliis  i>  acconi])lishc(l  by  takinf(  a  sample  of  air 
in  the  burette  by  oiKninj,^  screw  clip  1,  i)lacing  the  mercury  reservoir  so  that 
it  stands  ()|)|K)site  the  lower  end  of  the  burette  Tat  II),  and  with  the  screw  ch'p 
(/)  open,  cautiously  oiieninj,'  the  pinehcock  (5)  so  tliat  air  enters  the  burette. 
The  screw  clip  (  _' )  is  then  opened  and  the  reservoir  (B)  raised  to  jtosition  I. 
r.>-  cautiously  oi)enini,^  the  pinclicock  (5)  the  air  is  made  to  pass  into  C,  and 
with  ."^  open  the  reserxoir  i>  raised  and  lowered  several  times  so  that  all  traces 
of  COo  are  remoxcd  from  it  by  tlu-  alkaline  ■-olution,  after  which  the  reservoir 
is  replaced  in  ]»osition  II  and  the  ])inchc(jck,  jirexiously  clf)sed,  opened  until  the 
NaOH  stands  at  the  niaik  ( (/ )  on  the  stem.  Screw  clij)  2  is  then  closed,  3 
opened,  and  the  ox}ii^en  removed  from  the  air  by  repetition  of  the  same  pro- 
cedure. Screw  clii)  .-^  is  then  closed.  This  i)reliminar}-  fillinj:^  of  the  burette  with 
nitrogen  is  unnecessary  if  a  previous  analysis  has  been  made. 

The  sam])le  of  gas  for  analxsis  is  now  collected  in  an  all-glass  (Luer)  syr- 
inge with  the  piston  well  lubricated  with  vaseline.  With  the  screw  clips  d) 
open,  the  burette  is  filled  with  mercury  up  to  the  end  of  the  side  tube  (F), 
and  the  nozzle  of  the  syringe  is  inserted  in  the  rubber  tubing  of  the  side  tube. 
While  making  this  connection  the  piston  of  the  syringe  should  be  gently  pressed 
so  that  no  air  may  be  allowed  to  become  entrapped  in  the  rubber  tubing  on  F. 
To  aspirate  the  sample  into  the  burette  the  reservoir  is  placed  in  position  II  and 
the  pinehcock  5  opened,  gentle  pressure  being  meanwhile  maintained  on  the  pis- 
ton of  the  syringe.  After  the  gas  has  been  transferred,  the  mercury  meniscus 
should  stand  about  1  mm.  below  the  0  graduation  on  the  burette,  this  being 
accomplished  by  gentle  pressure  on  the  piston  of  the  s}"ringe.  This  leaves  the 
gas  in  the  burette  under  a  slight  positive  pressure. 

The  pressure  in  the  burette  must  now  be  made  equal  with  that  of  the  at- 
mosphere. For  this  purpose  the  jiinchcock  ij)  and  all  screw  clips  except  1  are 
opened,  and  the  tubing  on  the  adjuster  (E)  is  pinched  opposite  the  bevel.  Be- 
ing under  a  slight  ]iositi\e  jM-essure,  some  of  the  gas  in  the  burette  escapes 
through  the  adjuster,  and  it  is  during  this  procedure  that  a  slight  error  is  in- 
curred because  some  of  the  sample  of  gas  mixes  with  the  nitrogen  above  the  side 
tube.  The  error  thus  incurred  is,  however,  negligible  for  most  purposes.  The 
meniscus  of  mercury  should  now  stand  exactly  at  the  0^{    mark. 

Screw  cli]!  3  is  now  closed.  This  slightly  compresses  the  gas  in  the  burette 
and  lowers  the  menisci  at  a  and  b,  the  new  level  at  a  being  marked  on  the  glass 
by  a  glass  pencil.  The  reservoir  (B)  is  slowly  raised  and  lowered  several  times 
(with  4  and  5  open)  so  that  the  gas  passes  in  and  out  of  C,  in  which  the  CO, 
is  absorbed.  In  doing  this,  care  must  be  taken  that  the  mercury  does  not  rise 
above  the  level  of  /•',  and  that  the  XaOH  solution  does  not  rise  higher  than 
the  mark  a.     I'our  movements  usually  suttice  to  absorb  all  of  the  CO.,. 

To  determine  the  xolume  of  the  remaining  gas.  the  pinehcock  {3)  is 
closed,  the  clip  (-/)  half  way  screwed  down,  the  reservoir  placed  in  position  II. 
and  the  pinehcock  then  cautiously  opened  until  the  XaOH  solution  is  as  nearly 
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as  i)Ossihle  hroui^ht  l)ack  lo  its  orii^inal  i)()siti<)n  at  a.  The  tine  adjuslment  of 
this  level  to  the  pencil  mark  is  finally  etTected  In-  means  of  screw  clip  4.  The 
reading  on  the  burette  opposite  which  the  mercury  now  stands  gives  in  cubic 
centimeters  the  amount  of  C( \,  in  10  c.c.  of  gas.  To  make  certain  that  all  the 
COo  has  been  absorbed,  the  above  procedure  should  be  re])eated. 

To  determine  the  oxygen,  screw  clip  2  is  closed  and  3  opened.  The  level 
of  the  meniscus  of  the  pyrogallic  acid  solution  is  marked  with  a  glass  pencil 
at  b.  The  gas  is  then  mo\ed  in  and  out  of  D  several  times,  until  all  the  oxygen 
is  absorbed  as  determined  by  no  further  shrinkage.  This  takes  considerably 
longer  than  for  C(  )o.  The  final  volume  of  gas  as  read  on  the  burette,  less  the 
volume  of  CO.,.  gives  the  oxygen. 

After  completion  of  the  analysis  the  ajiparatus  should  be  left  filled  with 
nitrogen  and  with  the  screw  clips  all  closed.  A  short  piece  of  rubber  tubing 
should  also  be  connected  with  the  ui)])er  end  of  the  reservoir  (H)  and  closed 
bv  pinchcocks.     This  is  to  prevent  undue  oxidation  of  the  pyrogallic  solution. 

As  above  remarked,  a  slight  error  is  incurred  in  using  the  above  apparatus 
during  the  adjustment  of  the  pressures.  With  a  little  practice,  however,  this 
becomes  very  small.  It  is  very  important  to  make  certain  that  all  the  rubber 
unions  are  perfectly  tight,  which  is  best  insured  by  wiring  the  tubing. 

The  following  analyses  for  CO2  made  by  Mv.  Shen  will  serve  to  illustrate 
the  degree  of  accuracy  of  the  method. 

1.  Mixture  of  nitrogen  and  CO.  from  stock  bottle:  COo,  1.78,  1.79,  1.81, 
1.76;  average,   1.785.     Another  mixture:   1.91,   1.99,   1.95,   1.95;  average,   1.950. 

2.  Samples  of  alveolar  air  taken  in  all-glass  syringe  by  using  the  Haldane 
tube : 

a.  Deep    expiration    after    a    normal    inspiration :    6.03,    5.88,    6.04,    6.09, 
5.96;  average,  6.00. 

b.  Deep  expiration  after  a  deep  inspiration:  5.42,  5.38,  5.33,  5.23,  5.54; 
average,  5.38. 

3.  Samples  of  air  aspirated  from  the  mouth  after  a  deep  expiration.  This 
was  done  by  placing  a  short  piece  of  rubber  tubing  attached  to  an  all-glass 
syringe  at  the  back  of  the  mouth,  closing  the  lips  around  it  after  making  a 
quick  forced  expiration,  and  quickly  withdrawing  the  piston,  the  "dead  space" 
of  the  tubing  having  been  filled  w-ith  alveolar  air  by  a  preliminary  trial  of  the 
procedure. 

a.  Deep    expiration   after   a   normal    inspiration:    B.76,    6.07,    6.09,    6.10; 
average,  6.00. 

b.  Deep  expiration  after  a  deep  inspiration:  5.42,  5.31,  5.44;  average,  5.39. 
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1  ION  IN  MAN- 
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TllKKI".  i-  a  prc'tly  jn'cncral  a,t,M-ft'iiiciil  thai  in  altempliiif^  resuscitation  in  ap- 
parent (lealli  li\  electric  shock,  (li'owninj^,  as[)hyxiation  fr<jm  gases,  etc., 
artificial  res]iiiati<in  >lii)iil(l  he  at  once  he.i^im  hy  a  manual  methorl,  the  best  be- 
ing the  prone  pre>sure  method  recommended  hy  Schiifer.  The  advantage,  in 
man\'  cases,  of  sujiplementini^  this  later  on,  es])ecially  where  the  artificial  res- 
])iration  must  he  kept  uj)  a  long  time,  hy  some  mechanical  arrangement  neither 
liable  to  get  out  of  order  nor  likely  to  be  dangerous  in  the  hands  of  a  novice, 
has  been  pointed  out  by  a  number  of  writers  whose  acquaintance  with  the 
subject  entitles  them  to  speak  with  authority,  and  especially  by  Meltzer.  Schafer,^ 
too,  has  remarked  that  the  method  of  Horvath  ( forcing  air  into  a  nostril,  by 
a  bellows,  the  mouth  being  shut)  "might  well  be  employed  in  certain  cases,"' 
although  it  "would  not  be  available  in  most  instances  of  apparent  death  from 
drowning;  but  its  efficiency  should  not  be  forgotten,  especially  since  it  appears 
to  afYord  a  means  of  forcing  air  into  the  alveoli  in  cases  in  which  the  more 
gentle  current  of  air  which  is  produced  by  movements  of  the  ribs,  fails  to  find 
a  passage  through  the  frothy  mucus  which  may  partially  block  the  bronchi.  ' 

Meltzer-  quoting  largely  from  Keith'^  points  out  that  inflation  of  the  lungs 
by  bellows  was  long  the  accepted  method  in  resuscitation  of  the  apparently 
drowned.  It  seems  to  have  been  discontinued  on  (}uite  insufficient  grounds. 
Anyone  who  has  had  experience  of  the  routine  methods  of  artificial  respira- 
tion in  animals  in  the  laboratory,  which  can  easily  be  carried  on  without  any 
•cutting  operation  by  the  use  of  a  properly  shaped  mask  or  by  laryngeal  intuba- 
tion,* is  aware  of  their  great  superiority  over  manual  methods  for  long-continued 
respiration. 

Meltzer  has  described  a  simple  arrangement'-'  which  he  considers  superior 
to  any  of  the  more  elaborate  and  expensive  devices  put  upon  the  market  by  com- 
mercial firms.  The  current  of  air,  maintained  by  a  foot  bellows,  is  interrupted 
at  the  desired  rate  by  a  respiratory  valve  actuated  by  a  lateral  movement  of 
the  thumb.  A  rubber  bag  is  interposed  between  the  bellows  and  the  valve. 
Meltzer  discards  the  close-fitting  mask  on  the  ground  that  the  danger  of  in- 
fected material  being  forced  into  the  lungs  is  increased  by  its  use.  For  the 
mask  he  substitutes  a  pharyngeal  tube  of  appropriate  sha[>e  and  size,  the  air 
being  thus  delivered  to  the  patient  by  "pharyngeal  insufflation."  Others  have 
raised  objections  to  the  "close-fitting"  mask,  and  some  have  included  in  their 
condemnation  all  mechanical  devices,  the  use  of  which  according  to  them  oc- 
•casions  neglect  of  the  manual  methods  and  delay  in  starting  artificial  respiration 
while  the  apparatus  is  being  procured. 

We  have  examined  two  forms  of  apparatus,  Meltzer's  and  the  commercial 
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apparatus  known  as  the  "lung  motor."  Meltzer  has  shown  that  efficient  res- 
pu-ation  is  easily  maintained  with  his  arrangement ;  a  curarized  dog,  for  example, 
being  kept  alive  indefinitely.  Although  it  seemed  sufficiently  obvious  that  this 
must  also  be  the  case  with  a  pumji  like  tlie  "lung  motor,"  we  thought  it  worth 
while  to  demonstrate  the  point.  'JMiere  is  no  difficulty  in  maintaining  with  it 
efficient  respiration  indefinitely  in  a  curarized  dog.  Of  course,  the  mask  must 
be  of  approi^riate  shape  to  fit  a  dog.  One  of  the  metal  cones  used  for  giving 
ether  was  found  to  answer  admirably.  A  piece  of  sheet  rubber  was  tied  over 
the  wide  end  and  a  round  hole  cut  in  the  rubber,  through  which  the  dog's  snout 
was  pushed.  The  narrow  end  was  closed  l)y  a  cork,  a  tube  in  which  communi- 
cated with  the  respiration  apparatus.  The  animal's  tongue  was  drawn  out 
under  the  rubber  and  secured.  This  device  is  a  convenient  one  for  giving  arti- 
ficial respiration  to  animals  which  are  to  be  allowed  to  survive,  in  an  experiment 
or  operation  in  which  it  is  needed.  It  is  theoretically  an  objection  to  the  "lung 
motor"  that  the  expiration  is  accomplished  by  a  suction  action  of  the  pump. 
With  a  small  animal  the  sounds  accompanying  this  suction,  extending  widely 
over  the  thorax  and  even  the  abdomen,  although  apparently  generated  at  the 
larynx,  are  alarming,  but  it  was  not  possible  to  demonstrate  that  any  harm  was 
being  done,  so  far  as  could  be  seen  from  the  blood  pressure  curve  or  at  autopsy. 
With  a  large  animal  the  suction  sounds  were  much  less  obtrusive.  At  the  same 
time  Meltzer's  objection  that  this  suction  in  expiration  is  unnatural  and  unnec- 
essary seems  to  us  a  valid  one,  and  it  certainly  seems  better  to  allow  the  ex- 
piration to  take  place  by  the  elastic  recoil  when  the  inflation  ceases. 

The  foot  bellows,  with  a  rubber  bag  interposed,  as  recommended  by  Melt- 
zer, appears  to  be  the  simplest  and  most  practical  method  of  obtaining  the 
necessary  pressure  for  inspiration.  However,  while  there  is  no  doubt  that  in 
skilled  hands  the  pharyngeal  tube  is  safe  and  efficient,  we  prefer  a  mask,  as 
being  simpler  to  adjust  and  better  for  general  use.  We  believe  that  the  mask 
for  ordinary  use  should  not  be  fastened  in  any  way  but  merely  held  by  the 
operator  on  the  patient's  face.  This  permits  its  removal  at  any  moment  for 
cleansing  or  for  clearing  out  the  mouth,  and  its  immediate  readjustment.  We 
have  also  substituted  for  Meltzer's  respiratory  valve  the  valve  shown  in  Figs. 
1  to  3  (two-thirds  of  the  actual  size).  The  valve,  constructed  of  aluminum, 
consists  of  a  tube  T  (Fig.  1),  one  end  of  which  is  attached  to  the  mask  and 
the  other  end  to  a  rubber  liag  kept  filled  with  air  by  a  bellows.  A  plunger  P,. 
is  pressed  in  by  the  thumb  or  by  the  palm  of  the  hand  at  the  rate  of  fifteen 
to  twenty  times  a  minute.  It  is  convenient  to  hold  the  valve  with  the  four 
fingers  applied  to  the  tube,  the  plunger  passing  between  the  middle  and  ring 
fingers.  When  it  is  pressed  in  air  passes  through  a  hole  bored  across  the  plunger, 
and  traversing  the  tube  inflates  the  lungs.  The  position  of  the  plungei"'  in  inspira- 
tion is  shown  in  Fig.  2.  The  spring  S  (Fig.  1)  is  comi)ressed  as  it  goes  in, 
and  returns  the  plunger  by  its  recoil  as  soon  as  the  pressure  ceases,  allowing  air 
to  escape  from  the  lungs  through  a  hole  bored  longitudinally  from  the  lower 
end  of  the  plunger  and  then  radia11\'  so  as  to  open  at  one  side  of  it,  as  shown  in 
Fig.  3.  The  plunger  carries  a  pin  ( f)  which  engages  in  the  slot  (s)  and  can 
move  freely  down  the  slot  when  the  plunger  is  pushed  in  but  can  not  return 
beyond  the  top  of  the  slot  when  it   is  released.     This   pre\ents  the  possibility 
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Fig.  1. — Respiration  valve.  T.  tube  through  which  air  passes;  P,  plunger;  S,  spring;  p.  pin  on 
plunger;  s,  slot  in  which  />  works;  /,  thumb-screw  of  safety  opening  shown  separately  in  right-hand  corner 
■of  figure. 


J"ig.    2. — Section    through    respiratory   valve    showing   position    of    plunger    in    inspiration. 


Fig.   3. — Section   through   respiratory   valve   showing  position   of   plunger   in   expiration. 
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of  ihc  plung^cr  coming  out  during  the  artificial  respiration.  A  small  tliuml) 
screw  {t,  Fig.  1)  in  a  short  side  tube  near  the  mask  end  of  the  tube  T  con- 
stitutes a  safety  arrangement  to  prevent  the  possibility  of  excessive  pressure 
inside  the  mask.  The  side  tube  is  slotted  for  the  chief  part  of  its  length  and  by 
moving  the  screw,  a  greater  or  smaller  permanent  opening  can  be  produced.  The 
screw  is  arranged  so  that  it  is  impossible  to  close  the  slot  completely.  The  mak- 
ing of  the  safety  arrangement  and  the  valve  in  one  piece  we  consider  an  im- 
provement of  some  value,  as  it  reduces  the  number  of  parts  of  the  apparatus 
and,  therefore,  the  time  spent  in  connecting  it  up.  A  similar  advantage  is  gained 
by  the  attachment  of  the  valve  directly  to  the  mask.  This  also  diminishes  the 
dead  space  of  the  apparatus. 

The  valve  can  be  taken  apart  in  a  moment  for  cleansing.  To  do  this  the 
plunger  is  removed  by  unscrewing  the  top.  It  is  then  easily  pushed  out  of  the 
tube  7\  The  safety  thumb  screw  (t)  is  also  removable.  The  valve  can  be 
worked  with  great  ease  for  long  periods  without  fatigue.  It  can  be  operated 
by  pressing  with  the  first  phalanx  or  the  ball  of  the  thumb  or  the  palm  of  the 
hand.  The  valve  is  intended  to  be  fastened  to  the  mask  so  that  one  of  the 
operator's  hands  suffices  to  work  the  valve  and  to  hold  the  mask  against  the 
face,  leaving  the  other  free. 

Since  the  operator  may  have  to  carry  on  the  artificial  respiration  with  the 
patient  on  the  ground,  an  attachment  has  been  fitted  to  the  bellows  which  allows 
it  to  be  worked  conveniently  by  one  forearm  or  one  hand  as  well  as  by  the 
foot.  A  wedge-shaped  piece  of  wood  is  fastened  to  the  top  of  the  bellows  so 
that  its  upper  surface  is  nearly  horizontal  before  compression.  On  this  is 
hinged  strongly  a  piece  of  wood  about  as  long  as  the  forearm.  The  hinge  is 
situated  at  the  edge  of  the  bellows  but  the  support  projects  two  or  three  inches 
so  as  to  increase  the  leverage.  \\'hen  the  forearm  is  to  be  used,  as  is  convenient 
when  the  operator  is  sitting  down,  the  hinged  piece  is  folded  back  over  the 
bellows.  The  elbow  is  placed  at  the  hinged  end  and  the  fingers  project  beyond 
and  grasp  the  free  end.  Little  effort  is  necessary  in  this  way  to  keep  the  bel- 
lows going.  AMien  the  hand  is  used,  and  it  of  course  postpones  fatigue  in  a 
long  artificial  respiration  to  vary  the  mode  of  compressing  the  bellows,  the  hinged 
piece  is  folded  out  so  that  it  projects  from  the  bellows  and  constitutes  a  lever. 

As  regards  the  question  of  what  should  be  taught  to  the  layman,  our  ex- 
perience is  in  favor  of  teaching  the  immediate  application  of  a  manual  method, 
followed  by,  or  alternated  with  the  employment  of  a  simple  mechanical  device, 
when  such  is  available.  \\"e  do  not  believe  that  the  average  workman  if  taught 
to  immediately  begin  with  a  manual  method,  the  reason  for  this  being  sufficiently 
emphasized,  and  practiced  in  applying  the  mechanical  device  only  later  on  when 
all  is  ready,  will  be  at  all  likely  to  sit  down  and  do  nothing  until  an  apparatus 
is  procured. 
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Rv  John  A.   1  Iic.cins,  Chicago,  Ii,i,. 

IF  a  laboratory  worker,  on  animal  experiments,  were  to  vi^it  other  labora- 
tories outside  of  the  line  in  which  he  is  directly  concerned,  the  indications 
are  that  lie  would  see  various  types  of  trachea  cannulas  in  use  by  the  various 
laboratory  workers.  Some  laboratory  workers  j)refer  an  ordinary  piece  of 
glass  tubing  for  a  trachea  cannula.  'I'his  piece  of  glass  tubing  is  generally 
connected  to  a  long  piece  of  rubber  tubing,  which  in  turn  is  connected  either 
directly  or  indirectly  to  an  ether  container.  AX'here  this  method  is  used,  the 
laboratory  workers  seem  to  consider  as  minor  factors  such  points  as  the  in- 
creased accumulation  of  carbon  dioxide,  which  the  lungs  are  constantly  giving 
off  with  each  exhaled  breath,  the  increased  amount  of  labor  concerned  in 
breathing  through  a  long  space  of  tubing,  together  with  a  constant  loss  of  ether 
where  air  is  inhaled  and  exhaled  through  the  same  ether  container. 

Another  type  of  trachea  cannula  is  the  T-tube  type.  This  type  of  cannula 
is  best  illustrated  by  Jackson. f  Other  types  of  trachea  cannulas  on  the  mar- 
ket are  the  ones  manufactured  by  the  Harvard  Apparatus  Company,  Boston, 
Mass. ;   Charles   A^erdin,   Paris,   France ;   E.   Zimmermann.   Leipzig ;   etc. 

A  cannula  which  I  have  devised  and  which  I  wish  here  to  describe  can 
be  used  in  the  laboratory  with  attachments  and  for  other  uses.  I  have  kept 
in  mind  the  object  of  making  a  compact  yet  useful  piece  of  apparatus  and 
eliminating  unnecessary  dead  space. 

The  cannula  (Fig.  1)  is  made  by  taking  a  piece  of  ^o  inch  brass  tubing 
3%  inches  long  and  making  into  an  L-shaped  piece  by  cutting  or  tiling  to  the 
lower  inside  edge  a  \'-shaped  cut  and  using  the  uncut  section  of  the  V  as  a 
basis  to  make  the  L-bend  upon. 

On  the  front  end  of  the  L  is  soldered  a  short  piece  of -^e  inch  brass  tubing 
(A).  On  the  lower  section  of  the  L  is  soldered  an  outlet  of  j-i  inch  brass  tubing 
^4  inch  long  (B).  On  the  upper  surface  of  both  the  lower  J2  inch  pieces  just 
described,  and  54  inch  from  the  end  of  the  tubes,  are  soldered  small  tits  of  a 
No.  12  or  14  gauge  brass  wire  %  inch  high  (C). 

On  the  upper  section  of  the  L-piece  is  arranged  a  piece  of  telescope  tub- 
ing, ^i,j  inch  by  ^■;'.2  inch  wall  brass  tubing,  and  on  the  same  order  as  the  air 
regulator  of  a  Bunsen  burner  with  the  exception  that  while  a  Bunsen  burner 
has  two  air-hole  regulators,  the  piece  of  tubing  at  this  point  is  provided  with 
one  air-hole  exhaust  vent  (D). 

Just  above  the  air  regulator,  or  exhaust  vent,  is  a  valve  chamber.  This 
chamber  is  cup  shaped,  made  from  a  piece  of  i^io  inch  tubing  K  inch  high. 
It  contains  a  j^  inch  hole  in  the  bottom  and  fouf  smaller  exhaust  holes  on  the 
side.     To  the  upper  outside  edge  is  fastened  a  ^5;   inch   lip  of  sheet  metal  to 
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Fig.     1. — Showing    individual    parts    of    an    adjustable    trachea    cannula.       For    description    see    text. 


Fig.   2. — Adjustable   cannula  airanged   for   ordinary   experiments   and   connected   to   artificial    respiration  tube. 
K,  ether  container  and   T,   tube  to  tambour.      For  description  see  text. 


Fig.  3. — Adjustable  cannula  arranged   for  intratracheal   insulTation   experiments.      E,  ether  container. 

I'or   description   sec   text. 
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\\liii.li    is    fastened    the    li<l    liy    iiicaiis    ni    two    screws    coiniii}^'    through    the    \\\> 
and  li<l   liom  llie  hoitMin,  a   Xo.  2   S(>  >i/.c  screw  hcing  used. 

Kunning  down  thiou-h  the  u\i\K-r  lid  is  a  Xo.  8/32  set  screw  (li)  wliicli 
is  used  to  lock  the  \al\e  in  the  valve  chaiiiher  when  the  valve  is  not  in  use. 
This  set  screw  is  of  such  a  length  and  type  th.it  it  >nugly  closes  the  vaKe  and  then 
autoinaticall)  lucks  itself  1)\  a  slmnlder  hitting,'  the  upper  side  of  the  lid.  This 
also  pre\ents  further  penetration  or  injury  to  the  valve.  The  valve  is  a  small 
disk  of  thin  sheet  copper  ahout  a  32-gauge  coil  spring  wire.  The  coils  of  this 
spring  wire  >honld  he  ahout  ^/s  of  an  incli  apart.  The  ohject  of  the  coil  spring 
is  simpK  to  keep  the  disk  in  an  upright  position  and  prevent  its  sticking  to  the 
hd.  a   result   which   might  he  caused  by  the  exhaled  vapors. 

To  the  lower  jA  inch  J^-piece  can  he  fastened  various  sized  reduction  tubes 
to  accommodate  dififerent  sized  animal  tracheas.  These  reduction  tubes  are 
made  up  by  fastening  any  desired  sized  tubing,  up  to  3^  inch,  into  a  piece  of 
solid  brass  rod  '  ,s  inch  long  by  )j  inch  round.  A  piece  of  brass  tubing  '■'/],;  ^jy 
/•ii'  i'l^'li  ''Hid  ^  inch  long  is  then  taken,  and  on  one  end  is  cut  out  a  l^i  inch 
wide  l.-])iece  (F).  This  L-piece  is  simply  cut  out  and  used  in  the  fashion  of 
a  lock  with  the  small  tit  pieces  ])reviously  described  and  shown  at  (C).  The 
reduction  tube  is  fitted  snugly  into  a  hole  in  the  }i  inch  long  by  >4  inch  rod. 
The  -'i,;  inch  by  -M  inch  tube  is  made  to  telescope  the  yi  inch  piece,  with  the  cut 
end  exposed,  and  the  three  i)ieces  of  metal  are  now  soldered  solid. 

To  the  side  outlet  of  the  L.  and  in  a  similar  manner  as  previously  described, 
can  be  attached  either  a  sealed  piece  of  tubing  (C);  a  straight  tube  connec- 
tion (./);  a  T-tube  connection  (/)  ;  or  a  reduction  tube  (K).  For  ordinary 
blood  pressure  work,  T  would  suggest  using  either  a  straight  tube  or  a  T-tube 
coimection.  Where  artificial  respiration  may  have  to  be  resorted  to,  I  would 
suggest  the  latter  connection  for  use  in  the  experiment. 

At  ^1/  (Fig.  1)  is  another  piece  of  i^  inch  tubing  which  connects  with  the 
straight  tube  or  T-tube.  This  short  ])iece  of  tubing  is  soldered  to  the  side  of 
valve  chamber  (X),  which  chamber,  although  of  a  slightly  dififerent  outside 
appearance  from  the  \alve  chamber  previously  described,  is  in  reality  built  on 
the  same  general  principles — a  disk,  coil  spring,  and  set  screw  to  lock  the  valve. 

To  the  lower  end  of  this  valve  chamber  is  soldered  a  piece  of  ^{.  inch 
tul)ing  about  3  inches  long.  On  the  upper  end  of  this  tube  is  an  air  regulator 
similar  to  the  one  already  described.  The  remainder  of  the  \.  inch  tube  is 
used  to  fasten  into  a  cock  stopper,  which  stopper  in  turn  is  fastened  into  the 
neck  of  a  bottle  or  other  ether  container.  .\t  ()  (Fig.  1  I  is  another  small  ^ 
inch  l^-tul)e  which  penetrates  through  another  section  of  the  same  cock  stop- 
per. This  1,-tube.  however,  can  and  should  be  omittetl  and  was  added  solely 
to  indicate  an  air  passage  to  the  ether  container. 

Where  the  T-tube  is  used  as  the  connecting  link  between  the  canmila 
proper  and  the  ether  container  section,  the  open  end  of  the  T-tube  can  be  con- 
nected by  tul)ing  to  the  source  of  artificial  respiration.  I  have  devised  a  new 
type  of  adiustable  screw  clamp  in  connection  with,  this  cannula  which  I  shall 
re]>ort  in  another  article.  The  advantage  gained,  with  the  T-tube  at  this 
point,   is   to   keep  the   artificial   respiration   tubes   constantly   connected,   without 
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any  fear  of  interfering  with  normal  brcalhing,  and  to  eliminate  loss  of  time 
or  trouble  involved  in  making  tube  connections,  etc..  wbicb  trouble  I  have  wit- 
nessed in  animals  at  the  last  minute  when  respiratory  movements  were  the 
main  issue  of  revival. 

The  short  piece  of  •';'i,j  inch  tubing,  on  the  front  end  of  the  cannula,  can  be 
used  with  a  tambour  to  record  respiratory  changes  in  the  air  system  after  the 
apparatus  is  connected  and  regulated  for  an  experiment.  This  method  of  re- 
cording respiration  will  eliminate  other  simple  methods;  i.e.,  the  stethograph 
drum  method,  the  thistle  tube,  membrane  and  cock  method,  etc.  Where  the  two 
last-mentioned  methods  of  recording  respiration  are  concerned,  it  must  be  con- 
sidered that  respiratory  movements  have  a  tendency  to  shift  from  the  thoracic 
to  the  abdominal  region  or  vice  versa. 

For  ordinary  experiments  the  apparatus  ready  for  use  will  appear  as  illus- 
trated in  Fig.  2.  On  inspiration  the  air  and  ether  vapors  pass  respectively 
through  tube  A,  past  the  valve  in  valve  chamber  B,  through  tubes  C  and  D  and 
into  the  lungs,  the  valve  in  valve  chamber  E  locking  itself  on  inspiration.  On 
expiration  the  valve  in  valve  chamber  B  locks  itself  and  forces  the  expired  air 
through  tubes  D  and  F  past  the  valve  in  valve  chamber  H  and  to  the  outside 
air.  If  the  ether  vapors,  on  inspiration,  are  too  condensed,  the  anesthetist  will 
be  able  to  reduce  such  density  by  regulating  the  air  inlet  at  H. 

Where  artificial  respiration  is  desired,  open  air  outlet  at  G  (Fig.  2),  lock 
valve  in  valve  chamber  E  with  the  set  screw  and  then  gradually  close  the  air  outlet 
G  until  the  desired  flow  of  air  is  present.  In  cases  where  the  artificial  res- 
piration is  accidentally  turned  on  into  the  system,  previous  to  opening  air  out- 
let G,  the  valve  in  valve  chamber  £,  if  not  locked,  will  act  as  a  safety  valve  for 
any  excess  pressure  in  the  lungs. 

Where  an  intratracheal  insufflation  experiment  is  to  be  carried  out,  this 
apparatus  can  be  so  adjusted  as  illustrated  in  Fig.  3.  This  arrangement  may  be 
had  by  using  the  trachea  insertion  section  as  usual,  connected  with  the  cannula 
proper  section,  to  the  side  outlet  of  which  has  been  added  reduction  tube  H 
(Fig.  1).  To  operate,  insert  cannula  into  the  trachea  in  the  usual  manner. 
Next  insert  a  thin-walled  rubber  catheter  or  a  piece  of  ^  inch  black  gum  rubber 
tubing  that  will  fit  snugly  into  the  %q  inch  tubing  on  the  front  end  of  the 
cannula.  One  end  of  this  tubing  should  extend  about  6  or  7  inches  down  the 
trachea  of  an  average  sized  animal  (dog).  The  other  end  of  the  tube  should 
be  connected  to  a  reducing  tube  that  will  connect  onto  the  air  and  ether  vapor 
tube  outlet.  To  reduction  tube  H  (Fig.  3)  is  connected,  by  means  of  a  rubber 
tube,  a  manometer  to  gauge  the  pressure  used  to  inflate  the  lungs.  \\  ith  the 
air  and  ether  vapors  entering  the  lungs  through  tube  A  and  with  the  valve  in 
the  valve  chamber  locked,  it  will  then  be  only  a  matter  of  judgment  to  regulate 
outlet  B  and  gauge  the  pressure  desired  to  proceed  with  the  remainder  of  the 
experiment. 
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TX  a  pic\ii»u>  ariick'  I  refer  red  to  a  new  tyi>c  of  a'lju>taljle  ^crew  clamp. 
A  Ihis  type  ut  adjustable  screw  clam[)  was  devised  with  the  object  of  giving 
the  anesthetist,  and  in  certain  animal  exijeriments,  a  more  {perfect  control  of  the 
air  and  ether  vapors  employed.  Where  the  thoracic  cavity  has  been  exposed 
for  work  on  the  heart,  lunJ,^s  ov  other  thoracic  cavity  structures  or  where  intra- 
tracheal insufflation  experiments  are  being  carried  out  on  the  mammalian  ani- 
mal, it  seems  a  customary  procedure  to  control  such  animals  with  artificial  res- 
piration and  ether. 

The  type  of  adjustable  screw  clamp  heretofore  employed  in  controlling 
air  and  ether  vapor  during  an  exi)eriment,  as  previously  mentioned,  is  best  illus- 
trated by  Jackson.-  \\  iili  this  older  type  of  screw  clamp  the  following  feu- 
points  are  involved;  that  each  tube  requires  an  individual  screw  clamp;  that  it 
involves  two  separate  operations  to  clamp  down  on  one  tube,  while  you  release 
the  pressure  on  the  second  tube ;  that  there  is  more  or  less  danger  of  unin- 
tentionally clamping  down  on  one  of  the  tubes  before  releasing  the  pressure 
from  the  second  tube,  etc. 

Such  points,  as  just  mentioned,  ha\e  been  eliminated  in  this  new  type  of 
screw  clamp.  The  new  type  of  screw  clamp  can  be  utilized  on  single  tubes, 
and  in  the  same  wa}'  as  the  older  type,  with  the  added  advantages.  Each  screw- 
clamp  can  control  two  tubes  in  a  single  air  and  ether  vapor  system.  The  clamp 
is  foolproof,  and  one  can  not  close  one  tube  without,  at  the  same  time,  auto- 
matically releasing  the  pressure  from  a  second  tube,  thus  eliminating  any  dan- 
ger of  resistance  in  the  artificial  respiration  system.  Also  the  two,  air  and  ether 
vapor,  tubes  involved  can  be  regulated  in  one  operation  of  adjustment. 

This  new  type  of  screw  clamp  which  I  shall  describe,  and  which  is  illus- 
trated in  Fig.  1.  was  made  up  from  scrap  pieces  of  copper  rod  taken  from  worn- 
out  zinc  battery  plates.  Since  one  can  dispense  with  soldering  joints  in  this  new- 
type  of  clamp  I  might  suggest  the  use  of  a  cheaper  metal  if  available  in  the 
construction  of  other  clamps  of  this  type.  The  dimensions,  as  will  be  described, 
in  connection  with  this  screw  clamp,  were  figured  out  to  accommodate  the  use 
of  one-half  inch  red  antimony  or  white  gum  heavy  w-alled  tubing  which  in  my 
opinion  seems  to  be  the  most  suitable  variety  of  tubing  for  artificial  work. 

The  clamp  is  made  by  taking  a  piece  of  %  ^  }i  inch  rod  and  bending  in  the 
vise  a  four-sided  piece,  making  the  bends  on  the  larger  flat  surface,  whose  inside 
dimensions  measure  Ji  inch  by  one  inch.  The  ends  can  then  be  fastened  solid 
with  Xo.  2/56  or  smaller  size  screws.  Care  must  here  be  taken  to  thread  both 
ends  and  file  the  excess  end  of  the  screw  awa\'. 

A  U-piece  is  made  up  with  the  same  size  material,  which  piece  should  fit 
w-ith  slight  play  around  the  two  long  sides  and  one  short  of  the  four-sided  piece 
previously  described.  The  next  step  is  to  file  down  about  ^,30  of  an  inch  from 
the  }i  inch  surface  of  the  four-sided  piece  or  enough  to  allow-  a  little  plav 
between  the  inside  surfaces  of  two  liorizontal  bars  extended  across  the  open, 
narrow  and  side  ends  of  the  U-piece.     Xow  drill  a  Xo.  30  gauge  hole  in  the 

*From   the   Department   of   Physiology,    University    of    Hlinois    School    of   Medicine. 

iTIiggins.  John  A.:     This  Jovrxal.  page  77. 

-Jackson,  t).   K. :     Experimental  Pharmacology,  St.   Louis,  191",  C.   V.  Mosby  Co.,  p.   111. 
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middle  of  one  of  the  short,  flat  surfaces  of  tlio  four-sided  ])iece  and  thread  this 
hole  with  a  No.  8/32  tap. 

Two  pieces  of  the  rod  about  }i  inches  lon*,^  are  then  taken.  In  the  middle 
of  one  and  on  the  fiat  surface  is  drilled  a  hole  that  will  permit  a  No.  8/32  screw 
to  slip  through  easily.  The  hole  is  then  countersunk  and  in  such  a  fashion 
as  to  permit  a  small  burr  on  the  end  of  a  No.  8/32  screw  to  slip  around  easily, 
but  not  so  as  to  pull  away.  The  countersunk  surface  of  this  piece  is  set  against 
the  flat  surface  of  the  yet  undrilled  short  piece.  Both  pieces  should  be  held 
hrnily  together  and  a  No.  49  gauge  liole  drilled  through  both  pieces,  going 
through  the  flat  surfaces  close  to  the  ends,  and  finally  threaded  with  a  No. 
2/56  tap. 

A  No.  8/32  screw  of  about  1>^  inches  long,  having  a  suitable  head  to 
work  with  the  fingers,  is  taken  and  screwed  from  the  outside  into  the  8/32  gauge 


Fig.    1. — Pen  and  ink  drawing  of  new   type   of 
adjustable   screw   clamp. 


Fig.  2. — Showing  new  type  of  adjustable  screw 
clanij)  in  position  on  air  and  ether  vapor  (artificial 
respiration)    lubes.      For   description   see   text. 


threaded  hole  as  previously  made  on  the  four-sided  piece.  Now  place  the  short 
countersunk  piece  on  the  threaded  end  of  the  8  32  screw,  with  the  countersunk 
surface  facing  the  opposite  side  of  the  8/32  threaded  section.  A  burr  is  then 
riveted  to  the  threaded  end  of  the  8/32  screw  and  the  other  short  flat  piece  is 
fastened  with  2/56  screws  to  the  countersunk  surface  of  the  former  mentioned 
countersunk  piece.  File  away  the  protruding  ends  of  the  2/56  size  screws  at  this 
point. 

Two  horizontal  bars,  or  a  strap-like  piece  that  will  extend  around  the  ends 
of  the  U-piece  are  now  fastened  evenly  to  the  loosely  fitted  block  and  at  the  end 
of  the  8/32  screw  and  fastened  wdth  2/56  size  screws.  The  U-piece  is  lastly 
slipped  between  the  horizontal  bars  and  fastened  with  screws  of  a  2  56  size.  It 
is  now  a  matter  of  judgment  on  leaving  the  screw  heads,  just  set  in,  intact  or 
filed  away  to  come  flat  with  the  other  metal  surfaces.  1  have  in  my  case  taken 
the  latter  view.  Fig.  2  will  indicate  the  appearance  as  set  on  two  tubes  ready 
for  service. 


The  Journal  of 

Laboratory  and  Clinical 

Medicine 


Vol.  IV.  NOVEMBER,  1918  No.  2 

Editor-in-Chief:  VICTOR  C.  VAUGHAN,  M.D. 

Ann  Arbor,  Mich. 

ASSOCIATE  EDITORS 

Dennis  E.  J.ackson,  M.D.        -        -      Cincinnati 
Hans  Zinsser,  M.D.     -        -        -  New  York 

P.\UL    G.    WOOLLEY,    M.D.  •  -        ClNCINN.\TI 

Frederick  P.  Gay,  M.D.  -        ■  Berkeley,  Cal. 

J.  J.  R.  MACLEOD,  M.B.   -  -        -          Toronto 

Roy  G.  Pearce,  M.D.  -        -        -  Cleveland 

Roger  S.  Morris,  M.D.  -  -        -      Cincin.\.\ti 

Gerald  B.  Webb,  M.D.  -     Colorado  Springs 

E.  E.  Southard,  M.D.    .  -        -        -    Boston 

Contents  of  this  Journal  Copyright,  1918,  by  The  C.  V.  Mosby  Company— All  Rights  Reserved 
Entered  at  the  Post  Office  at  St.  Louis,  Mo.,  as   Second-Class  Matter 


EDITORIALS 


The  Bacteriology  of  Influenza 

IX  1892  Doctor  R.  Pfeitter  announced  his  discovery  of  a  bacillus  which  he 
believed  to  be  the  causative  agent  in  epidemic  influenza,  and  this  claim 
seems  to  have  met  with  ready  and  general  acceptance.  Pfeifter  examined 
sputum  brought  up  from  the  bronchi.  This  was  spread  upon  sterile  glass  plates, 
and  the  loop  was  taken  from  tlie  jnirely  purulent  portion.  The  best  preparations 
were  made  by  staining  with  a  dilute  carbol  fuchsin.  It  was  found  that  the  stain 
penetrates  slowly,  and  the  cover-glasses  were  allowed  to  float  for  from  five  to 
ten  minutes  in  the  solution.     Pfeifter  made  the  following  statement : 

"In  preparations  of  influenza  sputum  made  under  the  above  described  pre- 
cautions, we  found  in  all  recent  and  complicated  cases  a  single,  well-character- 
ized species  of  bacillus  in  almost  absolutely  pure  cultures,  and  always  in  sur- 
prising numbers.  The  bacilli  are  situated  mostly  in  the  form  of  nests  and 
swarms  in  the  mucous  ground  substance  of  the  sputum.  They  are  found  also  in 
greater  or  smaller  number  in  the  protoplasm  of  the  pus  cells  where  they  are 
grouped  arcnmd  the  nucleus  without  ever  penetrating  into  the  nuclear  substance. 
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The  inriucnza  bacilli  have  not  (juile  the  lrans\erse  diaineler  oi  the  hacilH  oi 
mouse  septicemia.  Their  length,  as  a  rule,  is  only  two  or  three  times  their 
width,  though  occasionally  we  discover  in  the  sputum,  and  sometimes  in  yiure 
cultures,  longer  organisms  that  are  to  be  regarded  as  filaments.  In  older  pure 
cultures  of  from  three  to  four  days'  duration,  very  long  filaments  may  occur, 
but  these  are  abnormal  forms,  the  first  signs  of  beginning  involution.  The  ends 
of  the  influenza  bacilli  are  rounded.  Very  often  we  found  two  particularly 
short  bacilli  in  close  apposition.  These  are  forms  of  division  that  are  apt  to 
be  interpreted  as  diplococci,  and  undoubtedly  have  been  mistaken  for  them. 
The  baciUi  have  no  capsules  and  are  nonmotile.  They  are  gram  negative,  and 
in  faintly  stained  specimens  it  is  sometimes  noticed  that  the  poles  are  more 
deeply  colored  than  the  middle  portion." 

Pfeiffer  was  not  able  to  grow  these  organisms  upon  gelatin  or  agar  plates 
either  aerobically  or  anaerobically,  but  he  did  grow  them  upon  media  containing 
blood,  and  ascertained  that  hemoglobin  is  the  blood  constituent  essential  to  their 
growth. 

Oxyhemoglobin  is  not  essential,  and  boiling  does  not  lessen  the  efficiency  of 
the  hemoglobin  in  the  culture  medium.  On  blood  agar  the  colonies  are  minute 
droplets  and  when  crowded  can  be  seen  only  with  the  aid  of  a  lens,  but  in 
sparse  growths  they  may  be  seen  by  the  unaided  eye.  The  colonies  have  a 
glassy  transparency  and  under  the  microscope  appear  to  be  without  structure. 
The  bacilli  are  strictly  aerobic,  and  grow  quite  abundantly  in  bouillon  contain- 
ing hemoglobin.  They  do  not  multiply  below  30^  or  above  43 '\  In  drinking 
water  they  soon  die,  and  they  are  very  sensitive  to  drying. 

From  his  experiments  PfeiiTer  came  to  the  conclusion  : 

1.  Any  development  outside  the  normal  body,  in  the  ground  or  in  water  is 
impossible. 

2.  The  spread  of  the  disease  through  dry  sputum  can  occur  only  to  a 
limited  extent. 

3.  The  contagion,  as  a  rule,  is  conveyed  by  the  recent,  still  moist  culture 
from  the  nasal  and  bronchial  mucous  membrane  of  influenza  patients. 

4.  Kitasato  showed  that  pure  cultures  may  be  obtained  directly  from  the 
sputum.  The  patient  coughs  the  bronchial  sputum  into  a  double  sterile  dish. 
The  sputum  is  thoroughly  dissected  with  sterile  needles,  and  during  this  process 
of  disintegration  it  is  carried  through  ten  successive  washings  with  sterile 
water.  A  bit  of  the  washed  sputum  is  examined  microscopically  and  another 
portion  is  inoculated  on  the  blood  agar. 

In  uncomplicated  influenza  Pfeiffer  found  the  bacilli  in  all  cases  in  pure 
cultures  in  the  bronchial  sputuuL  When  the  influenza  was  engrafted  on  an 
existing  bronchial  aifection,  or  when  the  influenza  was  complicated  wit!:  bron- 
chitis or  pneumonia,  other  organisms  were,  of  course,  found  in  the  bronchial 
sputum.  Pfeift'er  did  not  find  the  organism  in  the  blood.  The  bacilli  may  per- 
sist in  the  sputum  for  months  after  recovery,  and  tluis  the  individual  may  be- 
come a  chronic  carrier  and  distributor. 

Pfeififer's  attempts  to  transmit  the  disease  to  mice,  rats,  rabbits,  guinea  pigs, 
swine,  dogs  and  cats  were  wholly  without  result.  His  experiments  with  mon- 
keys are  worthy  of  recall  at  this  time.     Into  the  trachea  of  one  of  these  ani- 
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nial>  he  iiiircU-il  a  llal;<-  ol  .s|iiiluin  llic  size  of  a  jjinlic-ad,  whicli  had  heeii  fcjuiul 
to  I)c  a  pure  culuiir,  niixrd  in  1  c.c.  of  liouillon.  The  animal  died  after  indefinite 
symptoms,  and  postmortem  slunved  an  abscess  the  si/.e  of  a  wahuit  at  the  site 
of  inoculation.  'I'lie  pus  of  this  abscess  showed  a  few  intact  influenza  bacilli  and 
no  other  bacteria.  Tliree  monkeys  had  similar  injections  into  the  lungs  through 
the  thoracic  walls.  Some  elevation  of  temperature  took  place  after  from  twenty 
to  thirty  hours.  The  fever  was  remittent  and  transient.  The  animals  coughed, 
but  showed  no  typical  influenza.  Two  weeks  later  they  were  reinoculated  and 
developed  milder  symptoms.  One  was  inoculated  in  the  nose  and  showed  a 
slight  fever.  Still  another  received  an  injection  in  the  trachea  and  developed 
a  temperature  of  39.2  the  same  day.  The  ne.xt  day  the  temperature  began  to 
fall  and  death  resulted  within  forty-eight  hours  after  inoculation,  the  tempera- 
ture reaching  32.2°.     This  was  not  an  infection,  but  an  intoxication. 

Rabbits  died  after  a  few  hours  from  intravenous  injection  of  tlie  bacilli, 
but  this  results  from  similar  treatment  with  the  cellular  substance  of  bacteria, 
known  not  to  be  pathcjgenic.  Kruse  made  further  animal  experiments  with  the 
same  lack  of  success.  Up  to  the  present  time  all  attempts  to  induce  influenza 
or  any  other  infection  in  the  lower  animals  with  this  organism  have  failed.  The 
cellular  substance  contains  a  poison,  but  so  do  all  proteins.  We  are  compelled 
to  conclude  that  it  has  not  been  proved  that  the  Pfeiffer  bacillus  is  or  carries 
the  virus  of  the  disease  we  know  as  influenza.  Tt  may  be  a  frequent,  possibly 
a  constant,  accompaniment  of  the  disease,  but  this  does  not  prove  that  it  is  the 
cause. 

—V.  c.  v. 


Influenza  Epidemic 

THE  following  letter  was  sent  out  under  date  of  October  16,  1918,  by  the 
Volunteer  Medical  Service  Corps,  Council  of  National  Defense,  to  mem- 
bers of  state  executive  committees  and  county  representati\es  of  the  Volunteer 
Medical  Service  Corps : 

"1.  In  view  of  the  present  serious  epidemic  which  is  sweeping  over  the 
country,  the  Volunteer  Medical  Service  Corps  earnestly  invites  your  attention 
to  the  following  important  action : 

"Urge  upon  the  members  of  the  Volunteer  Medical  Service  Corps  that 
they  instruct  families  under  their  care  to  guard  against  the  epidemic  by : 

"Thorough  cleanliness  of  houses,  premises,  clothing,  utensils,  and  personal 
cleanliness. 

"Avoid  stirring  up  dust. 

"Wash;  scrub;  flush;  sprinkle;  and  use  soap  and  water  thoroughlv. 

"Gargle  and  spray  the  nose  and  throat  with  an  alkaline  antiseptic  fluid 
frequently. 

"Cooperate  at  once  to  the  fullest  extent  with  the  Local,  State,  and  National 
Boards  of  Health.  Urge  and  cooperate  in  preparing  towns  and  cities  for  the 
epidemic  by  establishing  emergency  hospitals  in   suitable  buildings,  by  district- 
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ing  coniniunilies,  aiul  apportionini;^  or  dixidin^-  niedicil  forces  C()m])rising  men 
and  women  j)liysicians  and  nurses  so  that  no  ])orti(in  of  the  community  is 
without  medical  care. 

"Circulate  as  thoroughly  as  possible  and  explain  lo  the  ])ul)lic  the  warning 
and  directions  printed  hy  the  United  States  Public  Health  Ser\ice  and  by  local 
health  authorities. 

"Urge  the  importance  of  fresh  air  and  the  avoidance  of  chill  and  overheat. 

"In  fighting  the  ei)idemic  give  no  medicine  and  use  no  treatment  which  may 
depress  the  vital  forces,  especially  the  heart  of  the  patient. 

"2.  The  Army  and  Navy  are  fighting  and  conquering  Germans.  A\'e  must 
fight  and  conquer  germs  without  taking  anything  away  from  the  Army  and 
Navy.  Don't  ask  the  Army  and  Navy  for  medical  and  surgical  supplies.  Use 
simple  utensils  for  sterilizing;  the  simplest  kinds  of  beds  and  bedding;  make 
your  own  masks  and  dressings,  and  fight  for  yourselves. 

"3.  While  the  epidemic  is  on,  do  no  surgical  operations  unless  absolutely 
neces.sary  to  save  life. 

"4.  In  every  way  in  your  power  urge  the  members  of  the  Volunteer  Medi- 
cal Service  Corps  to  cooperate  to  the  fullest  extent  with  the  United  States 
Public  Health  Ser\ice  and  with  State  and  Local  Health  Authorities. 

(Signed)      EDWARD   P.   DAVIS, 
President,  Volunteer  Medical   Service   Corps. 


ERRATUM 

In  the  article  entitled  "The  Treatment  of  Dichlorethylsulphide  ("[Mustard 
Gas')  Injuries,"  by  Aldred  S.  Warthin,  Ph.D.,  M.D.;  C.  V.  W'eller,  M.S., 
M.D. ;  Capt.  Tester  Roos,  M.D.,  and  G.  R.  Herrmann,  M.S.,  M.D.,  in  the  Octo- 
ber, 1918,  issue  of  the  Journal,  page  848,  the  thirteenth  line  should  read  "use 
of  .5  per  cent  solution"'  instead  of  "5  per  cent  solution." 
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IXTRODUCTORV 

HE  great  pandemic  of  "influenza"  invaded  Canij)  A.  A.  Humphreys.  Virginia, 
during  the  second  and  third  weeks  of  September  and  continued  until  the 
third  week  in  October,  covering  a  period  altogether  of  about  five  weeks.  The 
morbidity  and  mortalit)  experience  for  this  period  may  be  summed  up  briefly 
in  the  following  figures  : 

Average    strength    of    camp,  26,600 

Number  cases  influenza,  4,237 

Xumber  cases  pneumonia,  1,171 

Xumher   deaths    from   pneumonia  and 

inHucnza,  413 

On  the  basis  of  the  above  figures  we  may  derive  the   following  pertinent 
facts : 

16%  of  camp  had  influenza. 

28%  of  influenza  cases  had  pneumonia. 

10%  of  influenza  cases    died. 

35%  of  pneumonia  cases  died. 

This  epidemic  was  therefore  responsible  for  the  death  of  1.6  per  cent  of  the 
population  of  this  camp. 


*Publiflied    by    iiermis'ion    of   the    Surgcon-Gcncrars    Office,    Washington.    D.    C. 


88 


TllK     [OUKXAI,    Ol-     LA15UKATOKV    AND    CI.INK'Al,    MKDICINE 


During  the  summer  months  there  had  been  an  occasional  case  diagnosed  by 
regimental  surgeons  as  "influenza."  Probably  some  of  these  were  severe  "colds" 
and  possibly  some  authentic  cases  of  "inllucnza."  These  cases  occurred  as  fol- 
lows: Between  July  1  and  v'^c])tenil)cr  12  only  two  white  organizations  had  any 
cases  of  "influenza."  The  5th.  Regiment  shows  a  record  of  17  cases  prior  to 
Sejitember  12.  There  were  15  cases  in  this  regiment  during  the  month  of 
August.  The  regimental  surgeon,  however,  is  of  the  opinion  tliat  most  of  these 
cases  were  colds,  as  none  of  them  had  a  fever  and  the  record  shows  they  were 
only  ofl^  duty  for  one  day. 

The  3rd  Regiment  reported  one  case  of  "inllucnza"  on  August  18.  There 
were  scattered  cases  among  the  colored  organizations  between  September  1  and 

11.  The  interval  between  these  ca.ses  and  what  may  be  considered  the  new  cases 
of  the  epidemic  seem  to  preclude  there  being  any  connection  between  them,  un- 
less this  disease,  like  others,  is  kept  alive  by  carriers.  Table  I  gives  the  data 
regarding  "influenza"  cases  in  the  several  organizations  between  September  1  and 

12.  So  small  a  number  of  cases  as  these  occurring  at  that  time  of  the  year  in  a 
command  of  the  strength  of  Camp  Humphreys  should  not  have  excited  comment. 
However,  between  September  13  and  18,  134  cases  were  reported. 


Table  I 

Incidexce  of  New  Cases  oe  "Influexza"  tv  Camt  Pkior  to  Epidemic 
September  1  to  12,  1918 


SEPTEMBER 


10 


11 


12 


ORGANIZATIOX 

3rd  E.  T.  R. 
5th  E.  T.  R. 
Casual  Det. 
540th  Ser.  Bn. 
541st  Ser.  Bn. 
S42nd  Ser.  Bn. 
543rd  Ser.  Bn. 
546th  Ser.  Bn. 
547th   Ser.  Bn. 


It  may  be  assumed  that  the  epidemic  began  on  September  13  and  ended  Oc- 
tober 18.  The  early  cases  were  practically  confined  to  the  3rd  Regiment,  but 
as  soon  as  these  cases  were  known,  all  medical  officers  were  notified  of  the 
impending  epidemic  and  directed  to  take  special  precautions  in  diagnosing  the 
cases  and  to  take  special  steps  in  order  to  prevent  the  spread  of  the  disease. 


MEASURIvS   USED   TO    CONTROL  TllE    EPIDEMIC 

The  first  measures  taken  to  prevent  the  spread  of  the  disease  consisted  of  a 
circular  addressed  to  all  regimental  and  battalion  surgeons,  calling  attention  to 
the  presence  of  the  disease  and  calling  for  special  reports  each  morning  as  to 
the  number  of  cases.  This  was  on  September  18.  On  this  day  also,  a  popular 
article  w^as  displayed  in  the  camp  newspaper,  telling  what  influenza  is,  its  mode 
of  transmission,  and  the  means  of  prevention.     (See  Appendix  A.) 
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(  )n  Sc'|iU'iiil)ci"  is  ,iK(),  the  (."iiiiiiiiandiii^  (iciicral  is>iic(l  a  nicnioranduiTi 
callinj^"  altcnliiiii  !i»  the  sciicnisncss  (jf  rcs])iraton'  disease  in  the  American  Army, 
lie  ordered  llial  heds  he  screened  from  each  other  hy  shelter  halfs  of  tents. 
This  nu'ino  also  included  a  time  schedule  for  lectures  on  respiratory  disease, 
to  he  alleiidcd  hy  each  orj^ani/ation  in  cam]).      (vSee  Appendix  B.) 

Tlu'  leclures  mentioned  in  this  memo  were  j^iven  by  the  Cam[)  vSurf^eon, 
and  all  organizations,  except  the  colored  battalions,  the  Officers  Training  School 
and  tlu'  .h-(\  Kei^imcnl  wrw  \isitecl.  In  these  organizati(;ns  the  regimental  sur- 
geons were  reciuested  to  make  the  necessary  announcements. 

On  v^eptemher  27,  the  Commanding  General  issued  a  memo  advising  the 
organization  commanders  to  send  men  with  colds  to  regimental  surgeons  for 
examination.      (See  Ai)peiKlix  C.) 

( )n  Se[)tember  30,  after  consultation  with  the  Surgeon-General's  Office,  the 
Camp  Surgeon  addressed  a  memo  to  regimental  and  battalion  surgeons  and  sur- 
geons of  the  Base  Hospital,  requiring  that  100  square  feet  of  floor  space  be  pro- 
vided for  each  patient,  and  that  all  men  with  colds  should  report  twice  a  day 
for  proper  nose  treatment.      (See  Appendix  D.) 

On  the  above  date,  the  Commanding  General  issued  a  memo  directing  or- 
ganizations to  secure  sheeting  from  the  Quartermaster  to  be  used  as  screens 
between  beds.     (See  Appendix  E.) 

On  October  3,  the  Commanding  Officer  issued  a  general  order  dealing  spe- 
cifically wdth  crowding  and  living  conditions  in  quarters,  the  fly  question  and  the 
washing  of  mess  kits.     (See  Appendix  F.) 

On  October  3,  an  inspection  of  the  camp  was  made  by  Colonel  Chamber- 
lain of  the  Surgeon  General's  Office.  The  Camp  Surgeon  has  since  that  time 
received  an  unofficial  report  from  the  Surgeon-General's  Office  stating  that  the 
report  made  to  the  Surgeon  General  as  a  result  of  this  inspection  was  highly 
satisfactory  as  to  the  methods  adopted  at  Camp  Humphreys  for  the  handling 
of  the  epidemic.  The  following  day,  October  4,  as  the  result  of  Col.  Chamber- 
lain's visit,  the  Camp  Surgeon  issued  a  circular  addressed  to  medical  otiicers, 
giving  detailed  information  on  the  handling  and  care  of  the  sick  and  convales- 
cents, and  on  the  care  of  quarters.     (See  Appendix  G.) 

On  October  8,  the  Commanding  General  issued  a  memo  limiting  the  crowd- 
ing in  tents  and  barracks  and  specifying  certain  measures  to  be  taken  to  secure 
adequate  ventilation,  cleanliness,  and  freedom  from  flies  in  barracks.  Further 
attention  was  drawn  to  laxity-  in  cleansing  dishes.  Officers  were  warned  to 
eliminate  coughers  at  mess  and  in  the  Y.  AI.  C.  A.  gatherings.  Crowding  in  the 
V.  Al.  C.  A.  hall  was  also  dealt  with.  Organization  commanders  were  told  to 
keep  men  out  of  doors  as  much  as  possible,  to  avoid  giving  them  fatiguing  exer- 
cise and  to  have  them  bathe  at  least  twice  a  week,  l-'urther  attention  was  called 
to  the  detection  and  examination  and  isolation  of  those  with  incipient  colds. 
Mention  was  made  of  the  antispitting  rule.      (See  Appendix  H.) 

At  no  time  during  the  epidemic  was  the  cam[)  under  quarantine,  and  at  no 
time  were  the  men  restricted  in  regard  to  their  amusements.  Although  the 
V.   Al.   C.   A.   voluntarilv  omitted  their   usual   entertainment   features,   the   men 
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wvw  alldwi'd  III  \  i'-it  these  luiildiii;,'^  and  llie  i>eit'ormaiK-e>  in  the-  (jpcii-air  thea- 
ire  were  CDiitiiined   tlirou.Ljlnml   the  epidemic. 

Duriii.L;  the  lirst  t'cu  (lav>  dt'  tlie  epidemic  the  Camp  vSurj,'con  visited  the 
open  air  theatre  and  xarious  \'.  M.  C.  A..  Knij^hts  of  Columbus,  and  similar 
l)uil(hn.L;s.  and  cantiMiied  llie  men  re,i,Mi-din.L;  sl)ittinJ,^  e\i)lainin}(  to  them  the  im- 
IK)rtance  of  projieiiy  coverin^^  their  faces  while  couj^hiii}^  or  sneezinj^,  and  in- 
formint,^  them  as  to  the  seriousness  of  the  epidemic.  It  is  believed  these  talks 
had  a  marked  effect  on  the  enhsted  men. 

At  the  beginnini(  of  the  epidemic,  verbal  orders  were  given  for  the  trans- 
fer of  all  influenza  cases  to  the  P>ase  Hospital.  As  the  epidemic  progressed, 
and  the  cases  became  too  numerous  to  be  handled  at  the  Base  Hospital,  it  was 
necessary  to  open  lempdrary  liospitals  in  other  parts  of  the  camp.  This  was  first 
done  in  ccjnnection  with  the  3r(l   Regimental   Infirmary. 

On  October  4,  v^ection  J  of  the  3rd  Regimental  area  was  turned  over  to  the 
Medical  Department,  in  which  a  500  bed  hosjjital  was  established.  This  hos- 
])ital  annex  was  tilled  at  once.  It  was  evacuated  October  27.  Major  Roscoe  C 
Hubbard.  M.C.,  was  in  charge  of  the  hospital  annex,  under  the  Commanding 
Officer  of  the  Base  Hospital. 

PROr.RKSS   OF    EPIDEMIC 

The  ei)idemic  lasted  about  five  weeks  and  is  summarized  m  Table  II,  which 
shows  the  number  of  cases  developing  each  week  during  the  epidemic  and  the 
percentage  of  the  total.  It  will  be  seen  from  this  table  that  the  epidemic  reached 
its  maxinuun  about  the  week  ending  October  4,  when  52  per  cent  of  the  cases 
occurred.     In  all  there  were  4,237  cases  up  to,  and  including,  October  18. 

Table  II 

Wkeklv  Ixcidexce  of  New  "Influexza"  Cases  Durixg  the  Five  Weeks  of  the  Epidemic 

Period  of  Sept.  13  to  Oct.  18,  1918 


WEEK    OF  NUMBER  OF  NEW  cases  PER  CEXT  OF  TOTAL  CASES 

Sept.  13-18  134  327c 

Sept.  21-27  964  22.6 

Sept.  28-Oct.  4  2208  52.2 

Oct.  5-11  780  18.4 

Oct.  12-18  151  3.6 

Total  4237  100. 


Table  III  shows  the  incidence  of  cases  by  days  from  September  13  to  Octo- 
ber 18.     It  also  separates  the  cases  according  to  color. 

The  data  in  Table  III  are  shown  in  Chart  1.  This  is  interesting  in  that  it 
shows  the  waves  of  the  epidemic  in  the  dift'erent  regiments.  It  also-  graphically 
shows  the  intensity  of  the  epidemic  in  each  organization.  The  lines  appearing 
on  this  chart  are  the  new  cases  each  day  in  the  various  organizations.  There 
are  some  fluctuations  in  the  line,  especially  in  the  5th  Regiment,  which  are  not 
readily  understood,  but  are  probably  caused  by  clerical  errors  in  reporting  cases 
on  the  various  days.  From  this  chart  it  will  be  seen  that  the  3rd  and  5th  Regi- 
ments were  infected  almost  simultaneously,  and  that  the  3rd  Regiment  reached 
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COMPARISON        OF     WEEKLY    INCIDENCE:    OF  NEW 
CASES    IN     WARIOUS     CAMP      OR&ANIZATIONS. 
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i(s  iiia\imiim  on  llir  2."^lli  il;i\  of  Si-|'l(  iiiluT,  while  tlic  5lli  kej^imctit  <V\<\  w>t 
icacli  its  inaxiiiiuiii  inilil  two  days  later.  These  niaxinia  are  ahnost  praclicallv 
coiiuident  wilh  the  iiiaxima  in  the  2n(l  and  4th  Rejiinieiits.  The  7th  i<c{(inicnt 
was  allecteil  soniewha!  laici'  than  the  olher>,  hut  >ulTered  more  severely.  The 
niaxinmiu  in  that  rei;inient  was  readied  by  October  3,  and  there  was  a  second- 
ary niaxininiii  ahont  (  )ctoher  S.     This  may  possibK'  be  exjilained  b\'  the  fact  that 


'r.\iii.i:  IK 

l\i:c(iKii  (II-  \i:\v  Casks  or  Inki.uknza,  bv  Days.     Wiiitk  and  Coi.orkd  Soi.dikrs 
Period— Si;pT.  13  to  oct.  18.  1918 


DATE 

WHITE 

COLORED 

TOTAL 

Sept.  13-18 

25 

4 

29 

19 

56 

0 

56 

20 

49 

0 

49 

TUTAI.  FOR  WEEK 

130 

4 

134 

Sept.  21 

47 

1 

48 

22 

56 

0 

56 

23 

160 

3 

163 

24 

100 

6 

106 

25 

179 

8 

187 

26 

117 

19 

136 

27 

239 

29 

268 

TOTAL  FOR  WEEK 

898 

66 

964 

Sept.  28 

206 

35 

241 

29 

125 

26 

151 

30 

148 

29 

177 

Oct.  1 

354 

28 

382 

2 

308 

45 

.1^3 

3 

725 

46 

771 

4 

112 

21 

133 

TOTAL  FOR  WEEK 

1978 

230 

2208 

Oct.  5 

144 

46 

190 

6 

104 

20 

124 

7 

107 

14 

121 

8 

115 

22 

137 

9 

57 

8 

65 

10 

60 

23 

83 

11 

45 

15 

60 

TOTAL  FOR  WEEK 

.  732 

148 

780 

Oct.  12 

47 

7 

5-'- 

13 

20 

6 

26 

14 

14 

0 

14 

15 

12 

2 

14 

16 

13 

2 

15 

17 

15 

0 

15 

18 

12 

1 

13 

TOTAL  FOR  WEEK 

133 

18 

151 

betwein  ( )ctoher  4  and  8  there  were  several  regimental  surgeons  taken  sick 
and  the  record  may  have  become  somewhat  confused.  This  chart  also  shows 
the  low  incidence  of  the  disease  in  the  4tb  Regiment,  the  Engineer  OtTicers" 
Training  v^chool.  and  the  6th  Regiment.  This  matter  will  be  discussed  more 
full}  under  another  heading.  Here  it  may  be  said  that  these  regiments  were 
provided  with  cubicles  some  weeks  before  the  epidemic  appeared  and  there  was 
less  crowding  than  in  the  other  regiments,  which  is  shown  on  another  chart. 

From  the  loth  to  the  18th  of  September  a  total  of  29  cases  was  reported, 
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li.ilf  of  ilicsc  occun-in.i^  in  tlic  .^r<l  l\c},Mnicnt.  Most  of  these  cases  were  re- 
ported ..n  Sci)temhcT  17  and  IS.  On  Septc-mher  19  only  three  organizations  in 
llu'  ramp  rc-i)()r(cd  new  cases,  tiie  total  being  56, — 46  of  them  being  in  the  3r(l 
Ke.Ljiinenl.  (  )n  Sc-pteniber  20  there  was  a  total  of  49  cases  in  seven  organizations, 
59  per  cent  iieing  in  ilie  3rd  keginicnt  and  27  i)er  cent  in  the  5lh  Regiment. 
In  the  second  week  of  the  epidemic  the  3rd  and  5th  Regiments  furnished  about 
80  |>er  cent  of  the  cases.  Dnrini;  that  week  the  epidemic  spread  to  other  organi- 
^ations  and  increased  very  much.  'IMie  third  week  of  the  epidemic  marks  the 
climax  in  most  of  the  organizations,  but  the  epidemic  had  already  begun  to 
decline  in  the  3rd  and  3th   Regiments. 

'l\il)le  in  shows  the  incidence  of  cases  by  days  from  Se[)tember  13  to  Octo- 
ber IS.     It  also  separates  the  cases  according  to  cfjlor. 

chaut  j- 


'yiitteiMi 


I'i  in-ii?i  .imtuiu- 


^ 
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SEPTEMBER  OCTOBER 

Chart  2  shows  the  weekly  incidence  of  new  cases  in  the  white  organiza- 
tions, and  is  based  upon  rates  i)er  thousand  as  for  the  average  strength  of  the 
command  for  these  weeks.  It  shows  that  during  the  third  week  there  was  a  gen- 
eral drop  in  all  organizations  except  the  Oth  Regiment  and  the  Engineer  Officers' 
Training  School.  These  two  organizations  suffered  less  severely  from  the  epi- 
demic than  did  the  others  and  were  somewhat  later  in  infection.  At  the  end  of 
the  5th  week  the  epidemic  was  still  on  the  increase  in  these  regiments,  and  the 
incidence  in  the  Engineer  Olficers'  Training  School  was  relatively  high.  How- 
ever, there  was  a  decline  during  the  following  week  and  the  epidemic  practically 
disappeared  in  a  few  days  after  October  18.  The  largest  number  of  cases  in 
any  day  during  the  epidemic  was  771  on  October  3.     Of  these.  579  were  reported 
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from  the  7th  Regiment.  This  organization  had  next  to  the  highest  incidence  of 
any  in  the  camp.  It  was  natural  to  expect  this  as  the  men  were  not  as  well 
housed  as  were  other  organizations,  and  in  addition,  they  were  all  men  who  had 
been  inducted  into  the  service  during  September,  among  them  being  about  2,000 
limited  service  men  who  did  not  possess  the  best  stamina.  The  suddenness  of 
the  epidemic  in  the  7th  Regiment  is  shown  on  Chart  1,  the  scale  in  that  case 
being  exactly  the  same  as  for  the  3rd  Regiment. 

RKI.ATIOX   OF   DUST   AND   WlUTl  I  I'.R   TO   SPRF.AD   01'   INFF.CTION 

During  the  epidemic  there  were  many  dusty  da\s.  This  caused  some  com- 
ment among  the  officers  and  enlisted  men  of  the  camp  and  the  inspector  from 
Washington  called  attention  to  it,  w^ith  a  recommendation  that  some  dust-laying 
preparation  be  sprinkled  on  the  roads.  The  geographical  distribution  of  the 
cases  does  not  seem  to  indicate  that  dust  was  an  active  factor  in  the  production 
of  the  disease.  The  service  battalions,  which  are  the  closest  to  the  3rd  Regiment 
and  directly  in  line  to  receive  their  dust,  did  not  suffer  as  greatly  as  did  the  7th 
Regiment  which  is  to  the  windward  of  the  3rd  Regiment  and  at  a  considerable 
distance.      (See  map  of  camp.) 

A  number  of  persons  have  advanced  the  theory  that  the  epidemic  was  due 
to  weather  conditions,  laying  emphasis  on  the  mean  temperature.  Chart  3  shows 
the  number  of  new^  cases  each  day,  in  solid  lines,  and  in  broken  lines  is  shown 
the  maximum  and  minimum  temperatures  as  reported  by  the  Weather  Bureau 
in  Washington.  This  is  the  Weather  Bureau  situated  nearest  Camp  Humphreys. 
It  will  be  seen  from  this  chart  that  there  is  apparently  no  connection  between  the 
incidence  of  new  cases  and  the  weather  conditions.  The  days  on  which  there  was 
the  lowest  temperature  and  the  greatest  range  of  temperature  there  were  only 
a  small  number  of  new  cases,  nor  was  there  an  increase  on  the  following  days. 
The  weather  as  a  cause  of  disease  has  been  overworked. 

DISTRIBUTION    OF    CASES 

The  epidemic  may  be  regarded  as  having  started  in  the  3rd  Regiment.  The 
Engineer  Officers'  Training  School  and  the  6th  Regiment,  which  are  directly 
across  the  parade  ground  from  the  3rd  Regiment,  suffered  very  lightly  from  the 
epidemic.  There  is  apparently  very  little  intercourse  between  the  members  of 
these  organizations  and  the  3rd  Regiment.  How^ever,  they  w'ould  have  been 
affected  by  the  same  atmospheric  conditions  as  the  3rd  Regiment,  the  prevailing 
winds  being  southerly.  The  location  of  these  organizations  is  shown  on  the  map 
of  the  camp. 

Development  Battalion  No.  1,  located  at  Belvoir,  about  one  mile  from  the  3rd 
Regiment,  shows  a  rate  of  28.9  per  thousand,  which  is  one  of  the  lowest  in  the 
camp.  The  low  rate  in  this  organization  is  without  doubt  directly  due  to  the 
fact  that  the  men  there  are  practically  quarantined,  and  there  is  very  little  min- 
gling between  them  and  the  rest  of  the  camp.  An  analysis  of  the  13  cases  oc- 
curring in  this  battalion  shows  that  4  of  them  were  men  who  had  been  in  the 
Development  Battalion  less  than  5  daNs.  Three  of  these  came  original! v  from 
the  7th  Regiment,  and   1   from  the  3rd   Regiment.     Thev  were  transferred  into 
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'I'aiu.i;  IV 
WKKKI.Y  "Ini'i.uknza"  Incidknck  Katk  vv.h  1000  in  Main  Wiiitk  Organizations 


ORC.ANIZA- 

WI:i:k  ()!•• 

\vi;kk  oi" 

WKKK  Ol* 

WKKK  OK 

WKKK  OF 

TOTAI,  I'KHIOD 

TIONS 

SKI'T.  13-20 

SKI'T.  21-27 

SKI'T.  28- 
OCT.  4 

OCT.  5- 1 1 

0(T.12-18 

OPEI'lIlKMIC 

2nd  E.  T.  R. 

5.4 

25.9 

44.6 

12.9 

0.0 

90.5 

3rd  K.  T  R 

30.0 

167.7 

49.3 

16.9 

4.4 

286. 

4th  .!•:.  T.  R. 

(1.0 

17.6 

34,2 

29.7 

0.8 

74. 

5th  E.  T.  R. 

4.(1 

76.5 

49.7 

21.5 

5.1 

\W. 

6th  E.  T.  R. 

3.3 

4.2 

0.0 

5.2 

27.4 

25.4 

7th  E.  T.  R. 

0.2 

2.4 

240.3* 

47.4 

4.5 

267. 

E.  O.  T.  S 

1.5 

0.7 

11.6 

41.0 

26.2 

87.7 

All  whites 

in  Camp 

5.8 

41.9 

94.9 

28.1 

6.8 

177.0 

*Over   30   per   cent   of   this   organization    were   liniiteil    service   men   who   arrived    at   the   camp   about 
the   1st   of   September. 

Table  V 

Strength  oe  Com.maxd  oe  Sapper  Rkci.mexts  axd  White  Ukvklopmkxt  Battaijox.   Number 
OF  CASKS  OF  "Influenza,"  axd  Case  Rate  per  1000.    October  1  to  18,  1918 


ORGANIZATIOX 

STREXGTH 

X  UMBER  OP  CASES  OF  INFLUENZA 

TOTAL 

RATE  PER  1000 

Sept.  28- 

Oct.  5- 

Oct. 

12- 

Oct.4 

Oct.  11 

Oct. 

18 

215th 

582 

19 

34 

1 

54 

93. 

216th 

216 

10 

3 

4 

17 

78.7 

217th 

600 

113 

30 

4 

147 

244.6 

218th 

642 

95 

35 

4 

134 

208.2 

219th 

583 

60 

48 

4 

112 

192.5 

220th 

549 

45 

28 

2 

/o 

136.3 

Devel 

jpment 

Battal 

ion 

Xo.   1 

450 

0 

6 

2 

13 

28.9 

Table  VI 

Average  Weekly  Strexgth  of  Commaxd  for  Maix  White  Orgaxiz.vtioxs  for  Period  of 

Epidemic 


average  FOR 

ORGANIZA- 

WEEK OF 

WEEK  OF 

WEEK  OF 

WEEK  OF 

WEEK  OF 

PERIOD  OF 

TION 

SEPT.  13-20 

SEPT.  21-27 

SEPT.  28- 
OCT.  4 

OCT.  5-11 

OCT.12-18 

ENTIRE 
EPIDEMIC 

2nd  E.  T.  R. 

3158 

3085 

2718 

2791 

2348 

2820 

3rd  E.  T.  R. 

2992 

2690 

3504 

2840 

1376 

2680 

4th  E.  T.  R. 

2395 

1814 

1113 

1091 

1031 

1489 

5th  E.  T.  R. 

4236 

3817 

3198 

3115 

2767 

3425 

6th  E.  T.  R. 

985 

896 

627 

388 

255 

630 

7th  E.  T.  R. 

6276 

6116 

4518 

3569 

3766 

4849 

E.  0.  T.  S. 

1339 

1469 

1639 

1732 

1754 

1587 

All  Whites 

in  Camp 

22393 

21400 

20848 

22196 

19597 

212S7 

the  l)aUalion  on  the  27th  and  28th  (3f  Septemhcr.  at  a  time  when  there  was  con- 
siderable "influen/.a"  m  hotli  of  these  regiments  and  incidence  was  rising.  That 
these  cases  brought  tlie  "influenza"  with  them  can  not  be  questioned.  The  first 
cases  appeared  in  this  organization  on  October  2  and  3,  on  which  days  there 
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wert-  6  cases.  All  of  the  4  cases  recently  transferred  appi'ar  (in  the  inllrniary 
record  of  this  dale.  The  o  from  the  7tli  Regiment  developed  exactly  4  days  from 
the  time  they  joined  the  ors^anization.  The  other  man  from  the  3rd  Regi- 
ment was  taken  sick  within  5  days  after  his  transfer.  All  otiier  men  who  were 
taken  with  "influenza"  had  heen.  in  the  hattalion  at  least  10  days. 

Table  IV  shows  the  incidence  rate  per  thousand  in  the  principal  white  or- 
ganizations of  the  camp  for  the  hve-week  ])eriod  of  the  epidemic.  This  also 
shows  the  incidence  of  new  cases  by  weeks. 

Six  sapper  regiments  were  organized  during  ilu'  epidemic  and  were  made 
up  from  men  from  \arious  organizations  about  the  cam]).     They  are  considered 


CHART    ■4: 
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PHfi£ys    VA. 


SEPT.  13-ZO  sePT  21-27  SEPT.  26- 

QCT4, 


OCT.  5-11 


OCT.  12-lS. 


by  themselves,  and  the  incidence  of  the  disease  in  these  organizations  is  given 
in  Table  V.  It  is  difficitlt  to  classify  the  data  from  these  organizations  as  they 
undoubtedly  brought  the  infection  with  them  and  they  vary  greatly  in  strength. 
The  216th  Sapper  Regiment,  for  instance,  had  216  men,  while  some  of  the  other 
organizations  were  much  larger. 

Table  VI  shows  the  average  weekly  strength  of  the  command  for  the 
principal  organizations  of  the  cam]),  and  the  average  strength  for  each  or- 
ganization in  the  cam]).  This  is  the  data  from  which  the  rate  tables  ha\e 
been  constructed.  In  some  of  the  regiments,  for  instance  the  3rd  and  5th,  the 
infirmaries  served  other  smaller  organizations.  In  such  cases  the  strength  of 
those  additional  organizations  and  the  number  of  sick  are  included  in  the  regi- 
mental strength  and  their  morbidity  tables.     In  determining  the   rates  and  the 
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lloor  space  in  llic  hanaiks,  tlu-sc  facts  arc  kc|»l  in  mind  and  arc  coiisidcrcd  with 
the  (jrj^janization. 

Tabic  \  II  deals  with  llie  actual  nunilx-r  of  cases  each  week  in  the  white 
()rj.,Mni/ati()ns  and  atcounts  for  .\771  of  tlic  cases  in  the  canip.  'I'his  table  shows 
that  the  maxinunn  for  the  .^rd  and  5lh  Kcj^iinents  f)ccurred  in  the  2nfl  week,  and 
for  the  2nd,  4th  and  7th  Kci^dnienls  in  tlie  3rd  week,  the  maximum  for  the  En- 
gineer Officers'  'I'raininL;  Siliool  (tccurrinjr  in  tlie  4th  week,  and  the  ^th  Regi- 
ment  in  the  5lli  week  of  the  epidemic. 

i.\c'n)r;.\cr-:  of  "i.m-i.i'K.w.a"   ix   coi^oRKo  organizations 

Chart  4  shows  the  weekly  incidence  of  new  cases  in  rate  per  thousand,  for 
the  white  and  colored  troops.  The  data  for  this  chart  appear  in  Table  IX. 
This  chart  is  extremely  interesting  in  view  of  the  fact  that  it  is  generally  con- 
sidered that  the  colored  race  is  far  more  susceptible  to  diseases  of  the  respiratory 
tract  than  is  the  white  race.  The  results  of  this  epidemic  show  the  exact  reverse. 
The  colored  troops  show  a  decidedly  lower  rate  than  the  white  troops  all  during 
the  epidemic,    'i'he  total  rate  is  much  lower  and  the  weekly  totals  are  also  lower. 

Table  VII 

Weekly  N^^^^ER  of  Xew  C.vses  of  "Ixfluenz.v"  ix  M.\ix  White  Orgaxizatioxs  for 

Period  of  Epidemic 


organiza- 

WEEK OF 

WEEK  OF 

WEEK  OF 

WEEK  OF 

WEEK  OP 

TOTAL  PERIOD 

tion 

SEPT.  13-20 

SEPT.  21-27 

SEPT.  28- 
OCT.  4 

OCT.  0- 

11 

OCT.  12- 

■18 

OF  EPIDEMIC 

2nd  E.  T.  R. 

17 

80 

122 

36 

0 

255 

3rd  E.  T.  R. 

90 

451 

173 

46 

6 

766 

4th  E.  T.  R. 

0 

2Z 

38 

31 

9 

110 

5th  E.  T.  R. 

17 

293 

159 

67 

14 

550 

Otli  E.  T.  R. 

3 

4 

0 

2 

7 

16 

7th  E.  T.  R. 

1 

15 

1089 

169 

17 

1291 

E.  O.  T.   S. 

2 

1 

19 

71 

46 

139 

Development 

BattaHon 

5 

6 

2 

13 

All  Whites* 

in  Camp 

130 

893 

1978 

632 

133 

3771 

*Inchides    other    small    organizations    nut    mentioned    in    Table. 

Table  VIII  gives  rates   for  the  colored  organizations. 

Table  VI II 

Incidence  of  "Influenza"  in  Colored  Organizations  for  Period  of  Epidemic 
September  13  to  October  18,  1918 


org.vnization 


AVER.\GE  STRENGTH  OF 

TOTAL  CASES 

COMMAND 

1487 

147 

916 

85 

1002 

129 

894 

80 

301 

13 

628 

8 

250 

4 

CASE    RATE    PER    ItXXl 


Casual  Detachment 
540th  Service  Bn. 
547th  Service  Bn. 
548th  Service  Bn. 
549th  Service  Bn. 
550th  Service  Bn. 
42nd  Separate  Co. 


99. 
92.8 
129. 
89.6 
43.2 
12.7 
16.0 
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'r.XHi.i;    IX 

Wkkki.v  Inctdenck  oe  New  Cases  oe  "Ineluenza"'  in  White  and  Coi.oreh  'I'uooi-.s. 

Rate  per  1000 


R.\CE 

ENTIRE 

PEKion 

WEEK  OP 

si^PT.  13-20 

WEEK  OP 
SEPT.  21-27 

WEEK  OE 

SEPT.  28- 

OCT.  4 

WEEK  OP 
OCT.  4-11 

WEEK  OP 

OCT.  12-18 

White 
Colored 
Entire    Camp 

177.0 

76.0 

154,1 

5.8 
0.6 
4.6 

41.9 
13.7 
36.7 

94.9 
36.8 
81.4 

28.1 
23.4 
27.4 

6.8 
2.8 

5.8 

Chart  5  shows  the  rale  i)cr  thousand  for  the  different  organizations  in  the 
camp.     It  varies  a  little  from  the  data  shown  in  Chart  4,  in  that  certain  of  the 
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colored  organizations  are  higher  than  some  of  the  white  organizations.  How- 
ever, the  chart  coincides  with  the  data  shown  on  Chart  4.  The  highest  rate  in 
the  colored  organizations,  the  547th  v'^ervice  Battalion,  is  far  less  than  the  rate 
in  the  5th,  7th  or  3rd  Regiments,  and  only  slightly  in  excess  of  the  incidence  in 
the  Engineer  Officers'  Training  School  and  the  4th  Regiment.  A  very  interest- 
ing comparison  in  this  chart  is  between  the  42nd  Company,  which  is  colored,  and 
the  Engineer  Officers'  Training  School  and  the  6th  Regiment.  These  organiza- 
tions are  all  quartered  in  the  same  area.  They  are  under  practically  the  same 
discipline  and  the  same  medical  treatment.  There  can  be,  therefore,  very  little 
error  regarding  the  diagnosis  and  difference  in  methods  of  li\ing  and  diet  recei\c(i 
by  these  men.  The  42nd  Company  shows  the  lowest  rate  in  the  entire  camp, 
excepting  the  550th  Service  Battalion.     The  comparison  between  the  550th  Bat- 
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lalidii   .Mill    llu'    I^ikI    ("(mip.iin    !^   ii<>i    cN.-iclly   ju>>t,  hecausc   the   550tli    I'.attalifjn 
was  jusl  ()r,i;aiii/c(l  ami  ilnl  nni  cxisi   in  tlic  early  days  of  the  cpiflemic. 

Table  IX  shows  in  lalnilatcd  fonn  the  same  data  as  apj)eared  on  Chart  4. 
Here  we  see  that  the  rale  anioii<,f  the  colored  trooj)S  is  much  lower  than  the  rate 
aiuoiii^'  the  wliik-  lioopN  until  next  to  the  last  week  when  they  aftproachcd  the 
white  organizations  closely.  The  entire  period  shcnvs  a  difference  in  rate  of 
something  over  101  i)er  thousand.  This  means  that  the  incidence  among  col- 
ored trooi)s  was  only  4.^  per  cent  of  that  among  whites.  These  considerations 
call  for  a  revision  of  our  opinions  as  to  the  susceptibility  of  the  colored  race  to 
diseases  of  the  respiratory^  tract.  There  wxre  7  colored  organizations  in  the 
camp  during  a  considerable  part  of  the  epidemic ;  the  rate  varies  considerably 
in  these.  We  have  already  discussed  the  low  rate  in  the  42nd  Company  which 
apparently  is  due  to  careful  prophylaxis,  including  larger  floor  space  and  the  use 
of  cubicles.  The  547th  Service  Battalion  shows  the  highest  rate  among  colored 
troops.  This  Battalion  w'as  divided  into  two  parts,  one  part  living  about  seven 
miles  from  the  camji  on  the  Telegraph  Road  doing  road  work.  Through  an 
oversight  this  organization  was  for  a  considerable  time  without  medical  atten- 
tion. It  had  become  thoroughly  infected  before  any-  systematic  measures  of 
prevention  were  instituted  and  I  believe  this  fact  has  to  do  with  the  large  rate 
in  that  organization.  Three  of  the  Battalions  have  almost  identical  rates  and 
the  549th  and  550th  Battalions  with  their  low  rates  are  probably  due  to  the 
fact  that  these  organizations  were  not  organized  at  the  beginning  of  the  epi- 
demic and  the  large  number  of  men  who  developed  the  disease  in  the  beginning 
were  credited  to  the  organization  to   which  they  were  attached. 

HOUSING 

The  general  difference  between  the  white  and  colored  troops  in  this  camp 
is  in  their  housing.  All  the  white  troops  are  now^  housed  and  have  been  for  some 
time  in  cantonment  buildings  which  allow  on  the  average  50  square  feet  of 
floor  space  per  man.  The  colored  troops,  on  the  other  hand,  with  the  exception 
of  the  42nd  Company,  are  housed  in  tents.  At  the  beginning  of  the  epidemic 
there  were  six  men  in  a  tent,  but  later  the  number  was  reduced  to  five.  It 
would  seem  but  natural  that  life  in  a  tent  in  the  summer  months,  with  better 
ventilation  and  more  time  in  the  open  air,  would  cause  a  lower  rate  than  where 
men  are  housed  in  barracks  that  are  not  as  well  ventilated.  The  experience  of 
living  in  tents,  however,  does  not  make  one  believe  that  the  ventilation  is  partic- 
ularly good  in  tents.  Tlie  42nd  Company  was  housed  under  exactly  the  same 
conditions  as  are  the  white  troops  of  the  Engineer  Officers'  Training  School 
and  the  6th  Regiment.  It  would  therefore  seem  to  indicate  that  the  colored 
race  when  li\ing  under  good  hygienic  conditions  is  not  as  susceptible  to  "in- 
fluenza" as  the  white  race  under  the  same  conditions. 

Chart  6  shows  in  black  the  "influenza"  rate  in  the  principal  white  organiza- 
tions in  the  camp.  This  chart  is  based  on  the  data  in  Table  X.  In  white  is 
shown  the  floor  space  allow  ed  each  man  in  each  organization.  It  is  not  proper 
or   iust  to  attribute  the  dift'erences   shown  here  alone   to  the  amount   of   floor 
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Taiii.k  X 

N'lMlll.K   Ol'    I'lRSDNS    1-I,U    I'.ARKACKS    HY    DiFFKKKNT    ORGANIZATIONS.       SfJIAKK    FkKT   OF    FUXJR 

Si'AcT,  I'KR  Pkrson,  and  "Ini-luenza"  Katk  pkr  1000 

Nl'MnKR  OF      NUMBKR  OK  MKN      NUMBKR  OF  SOI'ARK  PEF.T      INFl.fF.NZA  RATE 
ORGANIZATION  HARRACKS  PER  HARRAC  KS  OF  Fl.fXiR  SPACE  PER  1  OCT) 

254 

74. 

87.7 

90.5 

K)0. 

286. 

267. 


6tli  RcgimcMit 

13 

42 

78.5 

4tli   Rcjiimcnt 

34 

44 

75. 

H.  0.  T.  S. 

34 

47 

70. 

2n(l  Rcfiimcnt 

43 

66 

50. 

."^tli   Regiment 

-19 

70 

47. 

3rd  Regiment 

42 

12 

46. 

7th  Regiment 

52 

72, 

"sapper  regiments" 
(newly  formed) 

45. 

215th 

17 

29 

114. 

22()th 

17 

iz 

103. 

219th 

12 

49 

68. 

218th 

12 

56 

59. 

217th 

10 

60 

55. 

93. 
136.3 
192.5 
208.2 
244.6 

space  allowed  each  ofganization,  but  it  certainly  i)oints  very  strongly  to  the  fact 
that  the  incidence  of  the  di.sease  varied  with  the  density  of  the  population,  al- 
though not  with  mathematical  regularity.  These  figures  are  not  mathematically 
accurate,  as  it  was  impossible  at  the  time  the  table  was  constructed  to  get  the 
exact  figures  as  to  the  number  of  men  that  occupied  each  barracks  during  the 
epidemic.  It  was  therefore  necessary  to  average  the  conditions  found  in  each 
organization.  The  least  incidence  appeared  in  the  6th  and  4th  Regiments 
and  the  Engineer  Officers'  Training  School.  In  addition  to  the  increased  floor 
space,  these  regiments  had  for  a  long  time  been  provided  with  curtains  hanging 
between  the  individual  beds  in  the  barracks,  thus  making  a  cubicle  for  each  man. 
Without  doubt  this  largely  reduced  the  incidence  of  infection  in  these  regiments. 
However,  the  floor  space  does  have  a  very  important  bearing  on  the  case,  be- 
cause during  the  day  these  curtains  are  i[nite  frecjuently  rolled  up  and  where 
large  numbers  of  men  are  crowded  in  a  barracks  they  naturally  come  into  very 
close  contact  with  each  other  during  the  hours  they  are  not  on  the  drill  field. 
It  might  be  said  that  during  the  epidemic  every  endeavor  was  made  to  keep  the 
men  in  the  open  air  as  much  as  possible. 

Considering  the  cases  further,  we  find  there  is  very  little  difference  between 
the  floor  space  in  the  2nd  and  5th  Regiments,  and  yet  there  is  a  large  diiiference 
between  the  rates  for  these  regiments.  This  same  apparently  disproportionate 
difiference  in  rates  may  be  said  to  exist  for  the  5th,  3rd  and  7th  Regiments.  As 
mentioned  before,  other  factors  help  to  account  for  these  ditl'erences.  How- 
ever, in  considering  the  ~th  Regiment  and  the  5th  Regiment  it  is  to  be  remem- 
bered that  these  regiments  contain  many  men  who  have  been  in  the  service  but 
a  short  time  and  the  7th  Regiment  contains  about  2,000  men  physically  more 
or  less  unfit  for  the  service.  The  3rd  Regiment  was  early  infected  and  many  of 
the  men  came  down  before  our  plan  of  combat  was  fully  developed,  which  no 
doubt  accounts  for  the  great  mnuber  of  cases  in  that  Regiment.     It  mav  also  be 
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said  that  during  a  considerable  part  of  the  epidemic  tlicrc  was  not  the  same 
amount  of  activity  anions,^  the  medical  oflicers  of  the  ord  Rei^iment  as  in  some 
of  the  other  regiments. 

DISH     WASHING    AND    "  1  X  l-I.LT-X  Za" 

It  has  been  suggested  that  the  disease  is  spread  through  the  mess  pans  and 
other  dishes.  That  there  is  some  ground  for  this  belief  is  not  denied.  The 
washing  of  dishes  in  the  company  mess  halls  has  never  been  satisfactory  and 
early  in  the  epidemic  efiforts  were  made  to  improve  conditions,  resulting  in  an 
attempt  to  sterilize  being  made  by  most  of  the  organizations.  However,  a  study 
of  the  disease  in  the  2nd  and  3rd  Regiments  with  the  question  in  mind,  does  not 
convince  one  that  the  dishes  were  responsible  for  the  spread  of  the  disease  in 
this  camp. 

COMPLICATIONS    OF    "iNFLUENZa"    WITH     PNEUMONIA 

"Influenza,"  imcomi)licated,  is  not  a  cause  of  deatii.  The  records  here  show 
four  deaths  from  "influenza.'"  I  am  of  the  opinion  that  the  causes  were  really 
bronchopneumonia  that  could  not  be  recognized  by  our  methods  of  diagnosis. 

Of  the  4,237  cases  of  "influenza"  considered  in  this  report,  1171  developed 
pneumonia  of  one  form  or  another,  a  percentage  of  27.6.  Of  the  pneumonia 
cases,  94  were  lobar  with  23  deaths,  a  percentage  of  24.5 ;  1077  were  broncho 
with  390  deaths,  a  percentage  of  36.2.  The  mortality  from  all  cases  was  35.2 
per  cent. 

Table  XI  shows  the  number  of  cases  of  pneumonia  and  the  deaths  by  wrecks. 

Table  XI 
Number  or  Cases  of  Pneumonia  and  Deaths  from  Pneumonia 


WEEK   OF 

LOBAR  PNEUMONIA 

BRONCHO  PNEUMONIA 

TOTAL 

Cases 

Deaths 

Cases 

Deaths 

Cases 

Deaths 

September  13-20 

13 

3 

14 

0 

27 

3 

September  21-27 

11 

3 

75 

6 

86 

9 

September  28-Oct.  4 

40 

6 

423 

81 

463 

87 

October     5-11 

24 

6 

470 

207 

494 

213 

October  12-18 

4 

5 

IZ 

79 

77 

84 

October  19-25 

2 

0 

21 

17 

24 

17 

Total  Period  of  Epidemic 

94 

23 

1077 

390 

1171 

413 

Table  XII 
Weekly  Death  Rate  per  1000  for  Pneumonia  for  Period  of  "Influenza"  Epidemic 


WEEK  OF 


strength  of  camp      number  OF  CASES      NUMBER  OF  DEATHS      DEATH  RATE  PER 
COMMAND  OF  PNEUMONIA  FROM  PNEUMOXIA  1000  FROM 

PNEUMONIA 


September  13-20 
September  21-27 
September  28-Oct.  4 
October    5-11 
October  12-18 
October  19-25 
Total  Period 


29210 

27 

26230 

86 

27136 

463 

28518 

494 

26053 

77 

22688 

24 

26637 

1171 

3 

0.13 

9 

0.34 

87 

3.21 

213 

7.48 

84 

3.22 

17 

0.75 

413 

15.5 
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PERMANENT  ORGANIZATIONS       TEMPORARY   ORGANIZATIONS      SERI/ICE   BATTALIONS. 
lAIHITE  COLORED 

Table  XII  shows  the  deaths  from  pneuiiKr.iia  by  weeks,  and  the  total  death 
rate  from  the  complication. 

Pneumonia  is  always  more  fatal  among  the  colored  race,  but  in  view  of  the 
low  incidence  of  "influenza"  among  the  colored  troops  it  was  expected  that  pneu- 
monia would  show  a  correspondingly  low  rate.  A  study  of  the  incidence  of 
pneumonia  in  all  the  organizations  of  the  camp  was  made  and  is  shown  in  Table 
XIII.  In  it  are  columns  showing  the  percentage  of  cases  of  '"influenza"  treated 
in  the  hospital,  and  the  ratio  betw^een  pneumonia  and  "influenza." 

Among  the  white  troops  the  incidence  of  pneumonia  appears  to  vary  with 
the  density  of  population.  This  table  show^  also  that  the  incidence  of  pneu- 
monia is  much  higher  among  the  colored  troops  although  the  peicentage  of  cases 
of  influenza  in  the  hospital  was  much  greater. 

The  relation  between  hospitalization  and  incidence  of  pneumonia  brought 
out  in  a  recent  paper,  is  not  apparent  here.  The  6th  Regiment,  with  a  low  in- 
cidence of  "influenza"  and  with  94  per  cent  of  the  cases  treated  in  the  hospital, 
shows  a  ratio  between  pneumonia  and  "influenza"  of  1  to  1.6.  The  same  is 
shown  in  the  colored  organizations. 

I,  however,  do  not  take  issue  on  the  question,  because  it  is  difficult  to  dis- 
entangle the  various  factors  which  produce  the  conditions  observed  in  this  epi- 
demic. A  factor  that  played  a  big  part  in  this  camp  was  the  high  morale  of  the 
men,  which  made  them  attempt  to  fight  the  disease.  Many  such  cases  devel- 
oped pneumonia,  especially  in  the  Engineer  Officers'  'i'raining  Camp  and  the 
6th  Regiment. 

The  relation  between  pneumonia  and  hospitalization  is  shown  on  Chart  7. 
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CONCIA'SIONS 

The  icsull  of  lln\  study  scciiis  lit  indiialc  : 

1.  Tli.'it  till'  iiuidciuc  ()|  ilu'  disease  incrcax-s  with  the  dcnsil\-  rjf  popula- 
lidii   ill  liai'i'acks. 

2.  That  tlic  lian^ini;  of  a  slucl  hctwccn  the-  individual  \>v(\>  in  llic  barracks 
was  ot   \alu(.'  in  |iii'\  culiuu;'  infection. 

3.  That  tlir  ur'^ro  race-  sulYcrcd  much  1cn>  from  ihi-  (h>casc  than  did  the  while. 

4.  That  there  were  more  cases  comphcated  with  ]ineumonia  among  the  col- 
ored troops  and  lliat   \Uc  disease  was  nitjre   fatal   anionjj  them. 

The  charts  and  statistical  data  were  compiled  under  my  direction  by  Ser- 
i,'^eant  Joseph    llerzstein.    .Medical    Department. 

VPPKXDIX 
A 

.\rtici.k  in  Camp  Nkwsi'api.k  "Thk  Castlk,"  Ski'T.  S,  1918 

W'c  lia\c  heard  a  great  deal  recently  regarding  the  so-called  "Spanish  Influenza.' 
Intluen/.a  is  a  disease  that  has  l)een  known  in  this  country  for  about  100  j-ears.  Every 
once  in  a  wiiik-  it  liccomes  cpi(kMnic  and  spreads  all  over  the  country.  One  of  the  most 
noted  epidemics  tiiis  country  lias  ever  liad  was  in  1889  and  1890.  It  is  more  prevalent  in 
the  winter  months,  although  imt  unknown  in  the  fall  and  spring  months.  In  itself  influenza 
is  not  particularly  serimis.  It,  however,  so  reduces  the  resistance  of  the  person  that  not 
infriciucntly  he  Iiccnmes  tlie  victim  of  other  diseases  such  as  pneumonia  and  tuberculosis. 
The  mortality  from  intluenza  is  usually  due  to  one  of  those  diseases,  or  to  diseases  of  the 
heart  which  may  accidentally  be  associated  with  influenza.  At  the  present  time  influenza 
is  becoming  very  prevalent  in  the  United  States.  Recent  reports  from  some  of  the  camps 
show  that  several  thousand  cases  of  this  disease  developed  within  one  or   two  weeks. 

Influenza  is  a  communicable  disease  and  is  transmitted  from  one  person  to  another 
through  the  medium  of  the  tine  spray  thrown  out  from  the  nose  or  throat  during  cough- 
ing or  spitting.  It  can  easily  ke  controlled.  It  dues  not  depend  upon  the  weather  nor 
upon  datripness.  It  is  more  common  in  the  winter  time  because  at  that  season  persons  are 
more  likely  to  congregate  in  badly  ventilated  rooms  and  come  in  closer  contact  with 
their  fellows. 

The  prevention  of  the  disease  is  simple  and  consists  of  avoiding  the  disgusting 
habit  of  coughing  into  another's  face.  It  is  very  probable  that  this  camp  may  during  the 
coming  tall  or  winter  be  \'isitcd  by  an  epidemic  of  this  disease.  We  will  be  able  to  con- 
trol it  if  every  man  in  the  camp  will  do  his  part.  His  part  will  not  require  any  work  or 
hardship.  It  simply  means  that  the  individual  must  hold  before  his  mouth  and  nose  each 
tiine  he  coughs,  a  handkerchief  or  a  piece  of  newspaper.  In  case  paper  is  used  it  should 
always  be  burnt  as  soon  as  possible.  Men  should  also  avoid  spitting  on  the  floor  or 
coughing  in  the  air. 

Do  your  pari  to  prevent  this  disease  and  bv  so  doing  help  keep  Camp  Humphrevs 
"First  in'Hcalth!" 

B 

War    Department 

Headquarters,  Camp  A.  .\.  Humphreys, 

Virginia. 

September   18,   1918. 
Ah  iiioniiidiiiii   W}.  399. 

1.  During  the  past  winter  the  principal  diseases  encountered  l)y  the  American  troops 
in  camps  in  the  I'nited  States,  were  diseases  spread  through  the  excretions  oi  the  respira- 
tory tract,  including  the  mouth.  These  diseases  include:  Pneumonia,  Influenza,  Bron- 
chitis, Cerebrospinal  Meningitis,  Measles,  and  Scarlet  Fever.  Without  doubt  there  are 
carriers  of   all  these  diseases  in  the  different  org"anizations   of   this  camp.     At  the  present 
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time  we  are  unal)lc  to  discover  these  men.  It  is  therefore  necessary  to  take  precautions 
as  tar  as  possil)U"  to  hmit  the  spread  of  these  diseases,  and  the  following  instructions  will 
ho  complied  with  : 

2.  On  the  left  side  of  eacli  hed  in  the  harracks  a  shelter  half  will  he  hung.  This 
can  he  readily  accomiilished  by  placing  a  long  stick  at  the  head,  and  a  short  stick  at  tlie 
foot  of  the  hod.  Tliis  arrangcilient  of  the  beds  will  great!_\'  diminish  the  chances  of 
infection. 

3.  .-Ml  tlic  enlisted  men  of  the  camp  will  attend  a  lecture  on  the  spread  of  these  dis- 
eases, on   the   following  schedule: 


Wcdnesd 

i_\-  ; 

t  5 

I'.M. 

" 

' 

7 

I'.  M. 

'i'hursdav 

' 

5 

P.  M . 

" 

' 

7 

P.M. 

Friday 

' 

5 

P.M. 

" 

' 

7 

P.M. 

" 

' 

8 

P.M. 

The  (utire  7th  Regituent. 
Tiie  entire  5th  Regiment. 
The  entire  4th  Regiment. 
The  entire  2nd  Regiment. 
The  Officers'  Training  Class. 
The  entire  3rd  Regiment. 
The  entire  Service  Battalions,  including 
Casual  Carrip  and  Sanitary  Bns. 


4.  One  olficer  must  accompany  each  organization. 

Bv  command  of  Brigadier  General  Kutz 


John  E.  Harris, 
Major,  C.  E. 
Adjutant 


War   Department 

Headciuarters,  Camp.  A.  A.  Humphreys, 

Virginia. 

September  11,  1918. 
Memorandum  Xo.  436. 

Regimental  Commanders,  Battalion  Com.manders,  and  Commanding  Officers  of  De- 
tachments will  see  to  it  that  Company  Commanders  personally  supervise  the  falling  out  of 
all  men  at  Reveille  and  Retreat  formations  who  appear  to  have  colds.  These  possible  cases 
will  be  specifically  called  for  and  sent  to  Regimental  Surgeon  to  determine  whether  or  not 
they  have  Spanish  influenza. 

By  command  of  Brigadier  General  Kutz  : 

George  Mayo, 
Major,  C.E. 

Actg.  Adjutant. 

D 

Office  of  Camp   Surgeon 
Camp  A.  A.  Humphreys,  Va. 

Septcm])cr  30,  1918. 
Memorandum  to  All  Regimental  and  Battalion  Surgeons 
and  Surgeons  of  the  Base  Hospital: 

1.  The  Surgeon  General  directs  that  during  the  present  emergency  all  cases  of 
infectious  diseases,  including  influenza  and  colds,  be  so  arranged  in  wards  that  each  man 
shall  have  100  square  feet  of  floor  space.  H  the  wards  now  assigned  to  you  arc  not 
sufficient  for  this  purpose,  make  requisition  on  the  Commanding  Officer  of  your  unit 
for  additional  space. 

2.  As  it  is  difficult  to  determine  whether  men  with  coryza  arc  coming  down  witii 
influenza  or  not,  you  arc  directed  to,  as  far  'as  possible,  have  all  men  with  colds  report 
to  the  Infirmary  twice  a  day,  and  instill  into  the  nostrils  of  each  man  two  droiis  of  a  10 
per  cent  solution   of   Argyrol  or  similar   silver   salt. 
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War    1  )i|)artiiiint 

1  lra(I(|uart(is,  ^'ainp  A.   A.   Humiilirc-ys, 

\'irginia. 

Sei.t.   30,    191fi. 

MciiinriiiKliiin   All.  44'>. 

Orj-aiiizations  will  draw  ^ix  (6)  feet  of  shcctiriK  from  the  Quartermaster  for  each 
mcmlier  of  orfi-anizati'>n.  'lliis  i<  for  tlie  i)urpr)se  of  constructing  screens  to  he  ftlaceH 
between  cots  as  directed  li\  the  Sur.Lieon.  Organizations  will  supply  all  other  material 
themselves.      Installation    will    he   C'iiii|ilrted    as   soon    as   possihle. 

l'\    ((iniinaiid  n\    l)rigadier  (jeneral  Kutz  : 

George  Mayo, 
Major,  C.E. 

Actg.  Adjutant. 
F 

War    Deparliiu'iit 

Headquarters  Camj)  .\.   .\.   llutnphreys, 

Virginia. 

October  3rd,  19hS. 
General  Order  Xo.   I.t 

1.  In  view  of  the  serious  epidemic  of  Spanish  inHncnza  at  this  camp  and  upon 
the  recommendation  of  a  special  investigating  officer  from  the  office  of  the  Surgeon 
General,   the   following  precautions   will  be   strictly   observed   in   rdl   organizations. 

Xo  more  than  five  occupants  to  a  iiyramidal  tent  will  he  permitted.  All  windows 
in  barracks  will  be  kept  open  full  width  from  Reveille  to  Retreat.  All  except  those  on 
the  windward  side  will  be  kept  open  from  Retreat  to  Taps,  and  from  Taps  to  Reveille  all 
windows  will  be  kept  at  least  one-half  way  open.  Compliance  is  again  directed  to  Memo- 
randum Xo.  399,  which  states  that  shelter  halves  will  l)e  stretched  on  one  side  of  each 
cot  for  its  full  length.  This  practice  has  not  been  fully  carried  out  in  some  of  the  regi- 
ments. Company  commanders  will  be  responsible  for  the  inspection  of  barracks  by  an 
officer  between  Taps  and  Midnight,  and  will  submit  with  their  morning  report  a  written 
statement  of  conditions  found  in  each  building  at  time  of  inspection.  Further,  the  Officer 
of  the  Day  or  the  Officer  of  the  Guard  will  make  an  inspection  of  barracks  between 
Midnight  and  Reveille,  and  submit  a  written  report,  with  the  guard  book,  of  conditions 
found  in  each  building  at  time  of  inspection.  Regimental  commanders  will  require  reports 
each  day  regarding  the  enforcement  of  these  regulations  by  the  officers  responsible  for  the 
inspections. 

2.  It  has  been  noticed,  lately,  that  fly-paper  is  not  used  in  some  of  the  Messes  ii^ 
this  camp,  and  as  a  consequence,  there  are  a  large  number  of  flies  in  their  messes.  Stren- 
uous efforts  will  be  made  to  reduce  the  number  of  flies. 

3.  Methods  of  washing  dishes  in  most  Messes  are  not  such  as  to  insure  adequate 
cleanliness  and  sterilization.  Steps  will  be  taken  after  each,  meal  so  that  all  dishes  will 
pass  through  boiling   water.    * 

4.  Where  barracks  arc  used  exclusively  for  the  care  of  the  sick,  means  will  be 
taken  of  providing  these  Alesses  with  a  suital)le  light  diet. 

5.  Every  effort   will  be  made  to  reduce  the  use  of  common  drinking  cups. 

6.  Efforts  will  be  made  to  prevent  the  men  from  congregating  in  crowds,  particularly 
indoors.  In  all  exchanges  of  this  camp  steps  will  be  taken  to  post  men  at  the  entrance 
so  as  to  prevent  crowiliu'.;  and  in  the  general  -assembly  halls  only  enough  men  will  be 
admitted  so   that  not   more  than   e\  cry  other   seat  will   be  occupied. 

By  command  of  Brigadier  General  Kutz: 

George  Mayo, 
Major,  Engineers, 
Acting  Adjutant. 


no  TlllC    jOrKXM.    OV    I.AP.ORATOKV    AND    CLINICAL    IMKniCIXlC 

G 

Office    of    Camji    Sur,iL;con, 
Camp     \.    A.    1  Inniiilmx  s,    \'a., 

October  4,  1918. 
Momoraiuliim   to   All    Medical    Officers: 

1.  Tlie  Suriicon  General  dircctn  that  all  tin  men  who  have  suffered  from  influenza 
!)e  kept  off  dutv  for  at  least  ten  days  after  iluir  temperature  has  reached  normal.  This, 
however,  does  not  mean  that  the  men  need  remain  in  the  Base  Hospital.  They  may  be 
carried  in  quarters,  but  kept  at  rest  and  under  good  care  during  these  ten  days.  The 
object  of  this  is  to  cut  down  instances  of  pneumonia   following  influenza. 

2.  The  inspection  made  on  October  3rd  by  Colonel  Chamberlain,  A[.C.,  showed  the 
t\il1owing  defects,   which   slundd   be   remedied   immediately: 

(a)  Xot  nil  tiie  patients  were  in  cubicles. 

(b)  There  were  a  great  many  flies  in  kitchens  and   in   buildings   where  patients   with 

influenza   were  being  treated. 

(c)  In   not   a   few   instances   men   had   expectorated   on   the   floor.     Colonel    Chamber- 

lain suggested  that  a  newspaper  be  placed  on  the  floor  near  the  bed,  and  spit 
cup  placed  on  it.  The  whole  should  be  tiurned  at  frequent  intervals  during  the 
day.  Newspapers  are  plentiful  in  the  camp  and  there  should  be  no  difficulty 
in  getting   them. 

(d)  The  condition  of  the  floors  of  some  of  the  buildings  was  not  satisfactory, 
being  littered  with  dirt  and  in  some  cases  unconsumed  food.  All  floors  should 
be  swept  several  times  a  day  with  damp  sawdust,  which  should  be  later  burned. 
Special  attention  should  be  paid  to  keeping  floors  clean  and  to  prevent  rem- 
nants of   food   from   being  thrown  about  the  buildings. 

(e)  In  some  cases  it  was  found  that  men  were  receiving  food  which  was  not  satis- 
factory. In  most  of  the  companies  the  mess  fund  is  in  excess  of  the  amount 
allowed  by  camp  orders,  and  therefore  there  should  be  no  difficulty  in  making 
whatever  extra  purchases  are  necessary  in  order  to  properly  subsist  the  sick 
in  the  camp.  These  surgeons  should  pay  particular  attention  to  this.  Where 
the  medical  detachment  is  running  a  mess  you  can  not  call  upon  the  company 
for  additional  subsistence  under  these  circumstances. 

3.  If  there  are  not  sufficient  line  men  detailed  for  duty  in  the  wards,  make  requisi- 
tion to  the   Regimental   Commander   for  the   number   needed. 

4.  The  Surgeon  General  has  directed  that  all  patients  transferred  to  the  Base  Hos- 
pital by  ambulance  be  masked.  Until  such  time  as  we  are  able  to  obtain  a  sufficient 
supply^  of  masks  from  the  Red  Cross,  you  are  directed  to  make  handkerchief  masks  from 
cheese  cloth..  These  masks  are  not  to  be  destroyed  when  once  used,  but  are  to  be  re- 
turned to  the  infirmary  and  washed  with  soap   and  water  and  sterilized. 

I.   W.    Brewer, 

Lt.  Col.  M.C. 

Camp   Surgeon. 

H 

\\'ar    Department 

Headquarters,  Camp  A.  A.  Hum.phreys, 

Virginia. 


October  8,  1918. 


Memo  rand  II  111  i\o.  485. 

1.  No  more  than  five  men  will  be  allowed  to  occupy  a  pyramidal  tent.  The  num- 
ber of  men  in  Barracks  will  not  exceed  the  authorized  number  for  each  building.  Stand- 
ard Barracks  in  this  camp  provide  accommodations  for  66  men,  at  the  rate  of  50  sq.  ft. 
of  floor  space  for  each  man.  This  number  will  not  be  exceeded.  All  barracks  will  be 
aired  each  day  by  opening  all  the  windows.  At  night  at  least  one-half  of  all  the  windows 
will  be  kept  open.  Tents  will  be  furled  on  every  sunny  day.  The  ventilators  at  the 
top  of  tents  will  be  kept  open.  Where  tin  hoods  are  ]irovided  for  \entilation,  they  will 
be  arranged  so  as  to  leave  2  inches  between  the  bottom  of  the  canvas  and  tlie  tin  hood. 
During  the  present  epidemic  all  bedding  will  be  aired  and  sunned  daily.  Cubicles  in  ac- 
cordance with  previous  orders  will  be  provided  for  every  man,  whether  in  tents  or  in 
barracks.     Sheeting   for  this  purpose  can   be   procured   from  the   Quartermaster. 
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2.  Ill  sweeping  the  Barracks  every  effort  will  lie  made  to  diminisli  the  amount  of 
ihist.  TIuTc  is  a  larj^e  amount  of  clean  siivvdust  in  the  camj).  It  ^hould  lie  procured  and 
placed  in  a  <ir\  plaic  and  dami)ene<l  and  usetl  for  svvcepin)^.  This  will  practically  eliminate 
all  (lust. 

3.  Special  attention  will  lie  iiaid  to  rtic>;.  I'ly  iiaper,  fly  trap^,  and  swatters  will  he 
used.  If  the  Quartermaster  has  not  a  sufficient  numher  of  fly  traps  they  can  be  easily 
improvised  from  i)lans  wiiich  can  he  ohiained  from  the  secretary  of  the  Schools.  Swat- 
ters can  he  easily  made   from  waste  screening. 

4.  Ccmimanding  Officers  of  organizations  will  sec  that  mess  utensils  are  thoroughly 
sterilized  after  being  used.  Where  enamelware  is  provirled  it  should  be  collected  in  tubs 
and  boiled.  Where  individual  mess  kits  arc  used  an  abundance  of  very  hot  water  should 
be  provided.  It  has  been  noticed  in  a  large  number  of  cases  that  water  for  washing 
dishes  has  been  practically  stone  cold  and  very  dirty  before  the  last  men  have  washed 
their    dishes. 

5.  The  officer  present  at  the  mess  will,  before  each  meal,  caution  all  men  of  the 
danger  of  coughing  while  at  meals.  Men  who  cough  will  be  sent  from  the  mess  hall 
and  required  to  cat  their  meals  by  themselves  at  a  later  time. 

6.  .Vt  least  4  noncommissioned  officers  will  be  detailed  for  duty  at  each  Y.  M.  C.  .\. 
building  each  evening.  They  will  report  one-half  hour  before  each  entertainment  and 
remain  until  the  entertainment  is  over.  Their  duties  will  be  to  enforce  the  regulations 
regarding  coughing  and  crowding.  Men  wlio  cough  will  be  excluded  from  buildings, 
unless  they  are  usmg  proper  precautions.  Xot  more  than  every  other  seat  in  the  build- 
ing will  be  occupied,  in  both  directions.  In  other  words,  no  man  will  sit  in  close  proximity 
to  another.  Exchange  officers  will  see  that  no  more  men  are  allowed  to  enter  the  exchange 
at  one  time  than  may  stand  at  the  various  counters.  Crowding  of  men  around  the 
counters  will  thus  be  prevented. 

7.  Every  effort  will  be  made  to  keep  the  men  out  of  doors  during  the  entire  day. 
They  will  be  given  such  drill  and  other  instructions  as  may  be  necessary.  Company 
Commanders  will,  however,  avoid  strenuous  exercise,  as  at  this  time  it  is  not  wise  to 
have  the  men  become  tired  or  overheated. 

In  the  sections  where  hot  water  is  not  provided  in  the  bath  houses,  arrangements 
will  be  made  with  the  Commanding  Officer  in  adjacent  areas  for  use  of  the  bathing 
facilities  there  at  specified  times.  Every  man  should  have  a  bath  at  least  once  a  week, 
and  twice  a  week  if  possible. 

8.  Company  Commanders  will  report  immediately  to  the  surgeon  any  man  who  ap- 
parently is  sick.  Sick  men  will  not  be  kept  in  the  same  quarters  with  the  well,  unless  the 
surgeon  certifies  that  illness  is  of  a  nature  that  will  not  be  transmitted.  All  officers  who 
are  sick  will  immediately  report  to  the  surgeon  for  examination.  Surgeons  will  send  to 
the  Base  Hospital  all  officers  suffering  from  symptoms  of  influenza.  The  noncommis- 
sioned officer  in  charge  of  Barracks  will  see  that  the  regidations  regarding  spitting  in  and 
about  the  Barracks  are  carefully  observed. 

By  command  of  Brigadier  General  Kutz  : 

George  Mayo. 
Major,  C.E. 
Acting  Adjutant. 


THE  SALICYLATES.    X.    THE   SPECIFICITY   OF  SALICYLATE  IN 

RHEUMATIC  FEVER* 


r.v  P.Mi.  J.  Haxzi.ik.  M.D.  :  R.' W.  Scott,  MA).;  and  V.  C.  Gauchat,  M.D.. 

CrjvVKLAXD,  Ohio 

Av'^IDE  from  the  strikiiiij^  syni])lomatic  relief,  the  claim  for  the  s])eciticity 
of  salicylates  in  rheumatic  fever  lacks  scientific  evidence.  Some  of  the 
theories  for  tlie  alleged  specificity  ha\e  been  recently  tested  and  found  want- 
ins^-.'  The  reported  beneficial  efTects  of  other  procedures,  such  as  the  foreign 
l)rotein  therajn-  of  J.  L.  Miller,-  rest,  and  others  in  the  treatment  of  rheumatic 
fe\-er  tend  to  weaken  rather  than  sup])ort  the  arguments  for  specificity  both 
as  to  etiology  and  symptomatic  relief.  Owing  to  the  uncertainty  of  the  eti- 
ology of  rheumatic  fever  it  is  manifestly  impossible  to  investigate  the  specificity 
of  salicylate  with  any  satisfaction  or  convincing  accuracv  from  this  standpoint. 
This  limits  us  practically  to  a  study  of  the  symptoms. 

Essentially,  the  problem  resolves  itself  into  a  comparison  of  the  therapeutic 
efifects  of  salicylate  with  other  agents  chemically  different,  but  possessing  sim- 
ilar ]iliarmacologic  actions.  Two  methods  of  approach  may  be  utilized  for 
this:  L  A  statistical  stud}-  of  series  of  cases  receiving  the  different  forms  of 
medication  may  be  made.  Such  a  study  is  very  tedious  and  requires  a  large 
number  of  cases.  It  has  the  advantage  that  the  elements  of  rest  and  natural 
recovery  may  be  more  satisfactorily  controlled.  2.  A  careful  study  of  the  ef- 
fects of  both  types,  i.  e.,  salicyl  and  nonsalicyl  medication  in  the  same  individ- 
ual should  be  able  to  yield  e(|ually  important,  interesting  and  conclusive  results. 
This  is  not  so  time-consuming  and  requires  a  smaller  number  of  individuals. 
However,  the  disadvantage  of  the  elements  of  rest  and  natural  recovery  must 
be  reckoned  with  in  the  terminal  medication,  and  are  not  so  easily  eliminated. 
On  the  other  hand,  if  recovery  occurs  without  terminal  medication,  which  in  our 
series  always  consisted  of  salicylate,  the  argument  against  salicyl  is  conclusive. 
For  the  present,  and  because  of  convenience,  we  have  used  the  individual  experi- 
mental rather  than  the  statistical  method.  All  told,  nine  patients  have  been  ob- 
served. Enough  results  have  been  obtained  to  justify  a  report  of  the  progress 
of  our  work.  Summarized  protocols  of  all  the  patients  are  appended  at  the 
end  of  the  paper. 

METHOD 

The  patients  were  first  treated  with  nonsalicyl  medication,  and  if  no  re- 
lief was  obtained  within  a  reasonable  period  of  time,  as  indicated  by  the  prog- 
ress of  the  condition,  salicylate  up  to  "toxicity"  in  the  usual  wa\'  was  admin- 
istered. That  is,  the  antipyretic  and  analgesic  projierties  of  salicylate  were  im- 
itated by  combinations  of  other  drugs  such  as  morphine  and  quinine,  which  are 
chemically  different  from  salicylate,  but  possess  similar  antipA'retic  and  analgesic 

*From  the  Pharmacologic  Laboratory  of  the  Western  Reserve  University,  and  the  Medical  CHnic, 
City    I^Iospital.    Cleveland,    Ohio. 
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c|ualities.  In  tliis  way,  llic  syiii|il(mis  cimld  he  rcadil)-  coiiibak'd,  and  if  com- 
plete relief  ensued  without  further  medication,  no  specihcitv  for  salicvlalc,  either 
etiologic  or  symptomatic,  could  be  claimed.  Tn  addition,  cathartic  salts  were  fre- 
quently administered  to  avoid  the  constipating-  action  of  the  opiates,  for  it  was 
freciucntly  observed  that  the  maintenance  of  fever  and  constipation  were  asso- 
ciated, the  patient  otherwise  being  quite  comfortable  in  many  respects.  "Com- 
plete relief"  was  judged  by  the  promjit  and  iiermanent  fall  of  body  temperature 
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I'ig-    -• — The    effects    of    salicylate    medication    alone    on    the    temperature    in    rheumatic    individuals. 

to  normal,  together  with  the  disappearance  of  pain,  redness,  and  swelling  in  the 
joints,  and  the  restoration  of  general  comfort.  \\'hen  only  some  of  the  symp- 
toms were  relieved,  or  all  imperfectly,  the  relief  was  regarded  as  partial,  ^\dlen 
the  symptoms  persisted  unabated,  the  result  was  called  "no  relief."  On  the 
whole,  rather  large  doses,  although  variable,  of  opiates  and  the  various  anti- 
pyretics were  used,  and  this  is  believed  to  be  correct  in  ])rinciple,  for  it  a])i)ears 
that  the  prompt  relief  generally  obtained  with  salicylate  is  due  to  the  marked 
efifects  of  the  very  large  doses  used.    Constriction  of  the  pupil  and  slowing  of  the 
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rcs|iir;ili()n  scrxcd  ns  guides  in  tlic  a(liniiii>lralii)n  of  the  ()|)iatcN,  aiul  clianj^cs 
in  llic  pulse  U>\-  llic  sarious  anti|)yrctics.  I'rief  (k-scriptions  of  tlic  comparative 
rllccis  of  the  two  kinds  of  mcdicalion  follow: 

T^;^rTM•:RAT^Rr■, 

This  was  promptly  lowered  in  a  majorily  |si\,  I'aticnts  2  (].  S.),  4  CT.  F.), 
5  (If.  C),  (\  (  I.  D.I.  S  ( j.  T. ).  '»  (I,.  S.):  l-i^.  11  of  all  the  patients  by  the 
nonsalic}]  coniliinalii  )n>,  and  also  I)\-  salic\late  (five  ])atients,  1.  2,  3,  4,  5),  al- 
tliouj,di  on  the  whole  more  effectively  and  i)ermanently  by  salicylate.  In  four 
cases  [patients,  a  (J.  D.\  0  (T,.  S.\  8  (].  T.)  and  5  (H.  G.)l  the  temperature 
tell  to  normal  and  remained  practically  nnchan,i,a'd  by  the  nonsalicyl  medication. 
In  four  cases  |o  ( M.  A.),  4  (T.  I".),  3  (H.  C),  7  (S.  R.)]  the  temperature  had 
tallen  to  normal  before  the  salicxlate  was  administered,  therefore  the  return  of 
the  temperature  to  normal  can  not  be  justly  attributed  as  due  to  salicvl.  In 
two  cases  \3  (M.  A.)  in  part,  and  8  (J.  T.)  entirely]  the  febrile  temperatures 
persisted  in  spite  of  the  administration  of  salicyl.  It  ap])ears  that  once  the  fe- 
ver has  run  its  course  it  tends  to  abate  in  spite  of  the  antipyretics  used  and 
seldom  returns  to  the  orij^nnal  le\-el.  Continuous  thou.i^h  moderate  medication 
^vith  salicyl  or  other  antipyretics  during  the  period  of  convalescence,  Avill,  of 
course,  tend  to  mitisj^ate  any  tendency  to  a  recurrence  of  the  fever.  This,  as  a 
matter  of  fact,  is  a  common  practice  and  undoubtedly  contributes  also  to  the 
general  recovery  of  the  individual. 

Of  the  eight  patients  receiving  salicylate  alone  (see  Fig.  2),  four  (11,  12, 
5.  21a)  continued  afebrile  though  variable  temperature.  In  one  (Patient  1) 
the  temperature  was  reduced  to  normal  and  subnormal  after  repeated  salicvl 
medication  only.  In  the  remaining  three  patients,  single  administrations  of  toxic 
doses  of  salicyl  brought  the  temperature  promptly  and  permanently  within  the 
normal  range. 

JOINT    SVMPTOMS 

Pain,  tenderness,  complaint  of  "soreness"  when  movements  were  attempted, 
and  swelling  were  the  most  jn-ominent  and  constant  symptoms  in  our  series  be- 
fore the  administration  of  any  medication  whatsoe\er.  These  were  completelv 
relieved,  though  temporarily  in  some,  in  a  majoritv  [eight.  Patients  1  (E.  S.\ 
2  (I.  S.\  3  (M.  A.),  5  (H.  C).  6  (J.  D.i.  7  Vs.  R.),  8  (J.  T.),  9  (L.  S.)l  of 
the  patients  while  receiving  nonsalicyl  medication,  and  in  two  patients  [6  (  T.  D. ), 
9  (L.  S.)l  no  salicyl  medication  was  necessarw  The  remaining  patients  [1  (E. 
S.).  2  (J.  S.\  3  (AI.  A.^,  4  (T.  V.),  5  (  H.  C),  7  (  S.  R.),  8  (J.  T.)]  received 
salicylate  because  some  of  the  symptoms  reajiiieared  in  more  or  less  aggra- 
vated form  after  the  nonsalicyl  medication  was  stopped.  Salicvlate  removed 
these  symptoms  completely  in  four  patients    [2   (J.  S.),   1    (E.  S.),  3   cSl.  \.), 

7  (S.   R.)],  partially  in   two    [4    ( T.   P.).    3    (H.   G.)].     In   two    [3    ( H.    G.). 

8  (J.  T.)]  cases  salicyl  was  ineffective.  To  what  extent  the  elements  of  rest 
and  natural  recovery  contributed  in  t'mallv  obtaining  relief  during  the  salicvl 
regime  can  not  be  said,  but  certainly  can  not  be  disregarded.  The  salicvl  peri- 
ods are  not  strictly  comparable  with  the  nonsalicvl,   for  salicvlate  was  admin- 
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istcred  continuously  over  a  lonsj^  jieriod,  while  the  nonsalic}!  medication  lasted 
onl\'  a  comparati\ely  short  period.  This  could  not  be  avoided  for  it  was  not 
certain  in  the  bciiinniuij  of  the  work  if.  when  results  were  not  satis'factory,  dur- 
inij;'  the  nonsalicN'l  rei,nnie  we  were  not  really  dci)rivint,r  the  ])atients  of  bene- 
fits to  be  derived  from  salicylate.  However,  the  satisfactory  results  in  jnitients 
6  (J.  D.)  and  9  (L.  S.)  obtained  without  any  salicylate  whatsoever  entirely  dis- 
si])ated  our  fears,  and  conclusi\ely  demonstrated  that  complete  theraj^eutic  relief 
can  be  obtained  on  a  res^ime  of  nonsalic}l  medication.  'Phis  completely  dis- 
counts the  claims  of  specificity  of  salicylate  in  rheumatic  fever  for  the  joint 
symptoms  and  fever  at  least. 

Our  records,  when  salicylate  alone  was  used,  are  too  incomplete  to  draw 
any  definite  conclusions.  However,  a  study  of  the  protocols  indicates  that 
salicylate  promptly  and  effectively  removed  the  joint  s}'m])toms  in  a  majority 
of  the  ])atients,  and  this  is  in  harmony  with  the  usual  experience.  In  two  in- 
dividuals (Patients  1  and  21a)  it  was  necessary  to  repeat  the  administration  of 
salicylate  because  the  joint  symptoms  persisted. 

GENERAL    DISCOjMFORT 

Under  this  are  included  various  complaints  such  as  the  subjective  sensa- 
tion of  aching,  weakness  and  stiffness  in  the  limbs,  restlessness,  etc.  All  of  the 
patients  became  more  comfortable  on  the  nonsalicyl  combination,  only  one 
[4  (T.  F.)]  having  complained  of  some  discomfort.  Two  [6  (J.  D.),  9  (L.  S.)] 
became  entirely  comfortable  without  further   (salicyl)   medication. 

With  six  of  the  patients  receiving  nonsalicyl  medication  discomfort  re- 
turned and  they  became  comfortable,  though  partially  with  one  [2  (J.  S.)],  again 
on  salicyl  medication.  Discomfort  with  one  [8  (J.  T.)]  continvted  in  spite  of 
repeated  administration  of  salicylate,  general  comfort  being  restored  with  non- 
salicyl medication. 

Our  notes  on  the  series  in  which  salicyl  alone  w^as  administered  are 
incomplete. 

CIRCULATION    AND    RESPIRATION 

The  tabulated  results  show  that  both  the  pulse  and  respiration  were  usually 
showed  with  the  defervescence  of  the  fever  irrespective  of  the  kind  of  medica- 
tion, i.  e.,  whether  nonsalicyl  combinations  or  salicylate,  although  there  appeared 
to  be  a  greater  tendency  to  slowing  of  the  respiration  with  the  opiates.  The 
dift'erences  were  unimportant,  and  since  these  functions  have  no  important  bear- 
ing on  the  symptomatic  relief  in  rheumatism,  they  need  not  be  considered 
further. 

It  is  well  known  that  endocarditis,  which  is  commonly  associated  with 
rheumatism,  is  not  remedied  by  the  administration  of  salicylate.  This  was  true 
for  our  salicylate  series,  and  the  same  also  held  for  the  nonsalicyl. 

DURATION   OE  DISEASE 

This  will  vary  with  the  initial  severity  of  the  attack,  multiple  extension  to 
joints,  the  individual,  and  other  factors.     Our  series  are  too   small   to   furnish 


Till-;    SI'I'.c   ll-UITN'    Ol'    SM.I(\I,  \'ri',     IN     KIIIJMATK      l'K\F,R  117 

(K'rmilr  coiiclusioiis.  I  low  i-\  (T,  ;i  coinitarison  of  the  iionsnlicyl-salicyl  with  the 
saliryl  alone  scries  may  he  niaiK'.  In  llii-  nonsalicyl-salicyl  series  seven  patients 
|1  (I-;.  I"..).  2  (J.  S.i.  3  (M.  A.).  4  (T.  I".),  5  (\L  G.),  7  CS.  R.),  8  CJ.  T.;)] 
tlie  sojourn  in  the  Iios|iital  raiij,'C'd  from  17  to  31  days,  mean  24  days.  Two  pa- 
tients \C)  (J.  1).),  ''(I,.  S.I  I  reteivinj^  nonsalicyl  medication  alone  sojourned 
only  8  and  1''  days,  respeclix cly.  With  eij^ht  patients  of  the  salicyl  series  the 
sojouiii  ranged  from  C)  to  38  days,  mean  15  days.  In  j^eneral  this  would  be 
favoral)le  to  salicylate,  llowcxt'r,  there  were  j^rcat  variations,  and  a  larger 
series  would  likely  smooth  out  the  differences.  .\ssuminf^  these  results  express 
the  (general  tendency  correctly  it  seems  hardly  possible  that  special  claims  to 
specificity  of  salicylate  in  rlu-umatism  could  safclv  rest  on  this  criterion,  for 
the  sojourn  is  about  as  short  on  nonsalicyl  medication  alone  as  on  salicylate 
alone,  and  the  tendency  to  proloni^^ation  in  the  nonsalicyl-salicyl  series,  taking 
the  cases  indix  iduall}-  is  iiracticall}'  unim])ortant. 

RKCTRRKXCE    OF    SYMPTOMS 

In  7  out  of  '^  patients  whose  initial  medication  consisted  of  various  non- 
salicyl combinations,  symptoms  of  the  disease  recurred.  Of  these  one  [8  (J. 
T.)],  however,  was  not  benefited  by  salicyl  treatment;  and  two  patients  had  no 
recurrence    after   nonsalicyl    medication.      Of    the    salicyl    series,    consisting   of 

8  indi\iduals,  two  required  repeated  salic}!  treatment  for  a  recurrence  of  the 
symptoms.  It  would  seem,  therefore,  that  treatment  with  salicylate  alone  from 
the  beginning  insures  freedom  from  symptoms  of  the  disease  for  a  majority  of 
patients,  and  this  agrees  with  the  usual  experience  ;  but  it  is  also  true  that  treat- 
ment with  nonsalic}!  combinations  alone  can  render  patients  [see  6  (J.  D.)  and 

9  (L.  vS.)]  free  of  the  symptoms.  This  does  not  point  to  any  particular  speci- 
ficity of  salicylate.  The  greater  efficiency  of  the  salicyl  may  be  ascribed  to  the 
massive  doses  and  prolonged  treatment. 

A  summary  of  all  the  results  as  to  dosage  and  therapeutic  response  in  all 
the  patients  is  presented  in  Table  I. 

DISCUSSION 

From  this  studv  of  the  com]iarative  efifects  of  nonsalicyl  and  salicyl  medica- 
tion, it  can  not  be  concluded  that  salicylate  possesses  any  unusual  action  or 
peculiar  specificity  in  rheumatic  f e\  er.  It  is  seen  that  prompt  though  partial 
relief  was  obtained  in  the  majority  of  the  patients  receiving  drugs  other  than 
salicyl.  This  is  true  for  both  early  and  late  symptoms  of  the  disease.  In 
some  of  the  patients  the  symptoms  persisted  despite  salicyl  medication,  and  in 
at  least  4  cases  (2  of  nonsalicyl-salicyl  series  and  2  of  salicyl)  the  condition 
recurred  shortly  after  salicyl  treatment.  In  those  patients  in  whom  the  symp- 
toms persisted,  although  considerablv  moderated,  after  treatment  with  non- 
salicvl  antipyretics  and  analgesics,  salicyl  appeared  to  give  more  permanent  re- 
lief. On  the  other  hand  in  two  of  the  patients  the  fever  persisted  in  spite  of  the 
salicvl  metlication.  In  some  of  the  patients  the  persisting  antipyretic  eflfect  dur- 
ing salicvl  medication  (although  other  symptoms  of  the  disease  were  present) 
mav   be   due  to   the   retention   or  delaved   action  of   the   nonsalicyl   antipyretic. 
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Taulk  I 

CoMPAKATivK  TiiKKAi'ia'Tic  Rksi'oxsks  ov  Rheumatic  Tnpividuat.s  to  Noxsai.icyl  axd 

Salicylate   Medications 


PATIENT 


1  (E.  S.) 

2  (J.  S.) 

3  (M.  A.) 

4  (J.  F.) 

5  (H.  G.) 

6  (J.  D.) 

7  (S.  R.) 

8  (T.  T.) 

9  (L.  S.) 


NATURE    OF    THERAPY 


NOXSAI.ICYL' 


DRUGS  AXD  TOTAL  DOSAGE 


RELIEF 


Quinine 
190  gr. 

Quinine 
270  gr. 

Quinine 
170  gr. 

Quinine 
190  gr. 
Phcnacctine 
160  gr. 

Phenacctine 
230  gr. 

Plienacetine 
30  gr. 

Plienacetine 

160  gr. 

Plienacetine 
130  gr. 
Anti  pyrin 
50  gr. 

Quinine 
20  gr. 


Morphine 
1/2  gr. 

Morphine 
4  gr. 

Morphine 

2^4  gr. 

^[orp!line 
9  gr. 


Morphine 

5)4  gr. 

Morphine 
V4  gr. 

Morphine 
4  gr. 

Morphine 
3/.  gr.  _ 
Papaverine 
3  gr. 

Papaverine 
2  gr. 


Partial 
i'artial 
Partial 
Partial 

Partial 

Complete 

Partial 


Temporarily 

complete 

Complete 


Complete 


SALICYLATE 

TOTAL  DOSAGE 

RELIEF 

Sod.  Salicylate  1600  gr. 

Complete 

Sod.  Salicvlatc  460  gr. 
XaHCOa  4'60  gr. 

Partial 

Sod.  Salicylate  1063  gr. 

Partial 

Sod.  Salicylate  1620  gr. 

Partial 

Sod.  Salicylate  220  gr. 
None  administered 

Partial 
though  more 
complete 

Sod.  Salicylate  140  gr. 

More  com- 
plete 

Sod.  Salicylate  8-10  gr. 

None 

Xone  administered 

With  four  of  the  nine  patients  [1  (E.  S.),  3  (M.  A.),  4  (T.  F.),  7  (S.  R.)] 
unquestionably  no  effective  and  permanent  reHef  from  the  symptoms  of  pain, 
fever,  swelHng  of  the  joints,  and  general  discomfort,  was  obtained  until  salicyl- 
ate was  administered.  Eliminating  the  elements  of  time,  rest,  and  natural  re- 
covery, it  appears  that  the  relief  of  later  symptoms  is  brought  about  more 
effectively  and  permanently  by  salicyl  than  by  combinations  of  drugs  whose 
pharmacologic  actions  are  similar,  but  dift'erent  chemically. 

The  results  of  a  previous  statistical  study'  support  the  provisional  conclu- 
sions drawn  from  the  present  work.  It  was  found  that  about  18  per  cent  of  the 
patients  with  rheumatic  fever  were  incompletely  or  not  at  all  relieved  by  the 
administration  of  salicylate  in  toxic  doses.  In  the  large  majority  that  was  re- 
lieved it  is  not  known  to  what  extent  repeated  salicyl  medication  was  resorted 
to,  but  it  is  certain  that  salicyl  was  repeatedly  administered  to  many  patients. 
In  addition,  complete  relief  was  obtained  in  a  majority  of  indi\iduals  suffering 
with  other  diseased  conditions,  and  whose  etiology  was  either  questionable  or 
entirely  different  from  rheumatic  fever.  That  is,  53  jier  cent  of  cases  of 
chronic  rheumatism  and  41.^1  per  cent  of  a  miscellaneous  \aricty  of  other  con- 
ditions were  completely  relieved  of  their  symptoms  by  the  administration  of 
salicvlate  in  toxic  doses.     This  favorable  influence  exerted  bv  salicvlate  would 
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not.  of  course,  (Kpri\c-  salicylate  of  it>  alleged  specificity  iii  rheumatic  fever 
Imt  llic  s\  iiiiitoiiiatic  relief  (  analj,a'sia  and  antiinresis)  produced  liy  it  is  in  line 
with  that  ol.taiueil  in  the  ircatnicnt  of  rheumatic  fever.  It  is  conceival-ie  at 
lea>t  that  lliis  i>  also  the  main  coiitrihution  of  salicylate  in  the  generally  practiced 
thera|i\'  of  rheuiiiatit"   lexer. 

CO.NCI.fSIOXS 

The  niinihiT  of  our  cases  is  too  small  to  draw  dehiiile  conclusions.  How- 
ever, this  much  may  he  said,  iiamelx ,  that  so  far  as  the  acute  symptoms  of  rheu- 
matic fever  are  concerned,  these  can  he  promptly  and  effectively  relieved  by 
combinations  of  antipyretics  and  analgesics  chemically  different  from  salicylate. 
It  is  also  possible  to  obtain  permanent  relief  with  these.  If  to  this  are  added 
the  fa\orable  reports  of  J.  L.  Miller  with  foreign  protein  and  rest  alone,  and 
the  numerous  recurrences  of  the  disease  in  patients  repeatedly  treated  with 
salicvlate  in  large  doses,  then  it  may  be  provisionally  concluded  that  salicylate 
possesses  no  thorougr/.v  demonstrated  s])ecific  action  in  rheumatic  fever.  It  is 
no  more  than  a  symptomatic  remedy  which  can  be  safely  administered  in  very 
large  doses,  and  represents  a  fortunate  combination  of  both  antipn-retic  and 
analgesic  qualities  which  makes  it  much  more  suitable,  and,  also  desirable  for  the 
treatment  of  rheumatic  fever  than  combinations  of  opiates  and  various  antipyret- 
ics. The  injurious  effects  of  salicylate  on  renal  function  and  the  kidney*  might 
be  raised  against  the  promiscuous  and  unwarranted  use  of  the  drug,  but  its  effi- 
ciency and  desirability  as  a  symptomatic  remedy  in  rheumatic  fever  may  be 
regarded  as  outweighing  the  seriousness  of  these  disturbances. 

SUMMARIZED    PROTOCOLS 

Patient  1  (£.  .S".).  fonalc.  Diagnosis — rheumatic  fever.  Temperature  on  admission 
100.4°  F.  Administered  180  grains  of  quinine  together  with  l^/S  grains  of  morphine  dur- 
ing the  first  5  days  of  illness.  During  this  time  the  temperature  was  variable  though 
generally  slighth-  elevated  with  an  improvement  in  general  discomfort  and  freedom  from 
pain  and  tenderness  in  the  joints.  On  the  sixth  day  there  was  general  discomfort  but  no 
pain  in  the  joints,  the  temperature  remaining  elevated.  Salicylate  to  "toxicity"  (180 
grains)  was  administered,  and  was  continued  every  four  hours  for  the  next  13  days,  when 
the  patient  was  discharged  cured.  During  the  salicyl  period  the  patient  was  generally 
comfortable  and  free  from  joint  pains  and  fever.  The  temperature  gradually  fell  to  the 
normal  level  and  towards  the  end  became  subnormal.  The  total  dosage  of  salicyl  ad- 
ministered was  If.OO  grains. 

It  may  be  concluded  that  nonsalicyl  medication,  consisting  of  morphine  and  quinine, 
partially  removed  the  symptoms  of  rheumatic  fever  the  temperature  remaining  practically 
unchanged.  This,  together  with  the  remaining  symptoms  were  completely  removed  by 
prolonged  treatment  with  salicyl. 

Patient  2  (J.  S.).  Diagnosis — rheumatic  fever.  Temperature  on  admission  102.3°  F. 
Administered  270  grains  of  quinine  together  with  4  grains  of  morphine  during  the  first 
five  days.  The  temperature  gradually  fell  to  97.8°  on  the  third  day,  and  again  gradually 
rose,  reaching  102°  at  the  end  of  the  fifth  day.  During  the  time  the  temperature  fell 
the  patient  was  free  from  pains  in  the  joints  and  was  generally  comfortable,  but  as  the 
temperature  rose  symptoms  of  general  discomfort  together  with  marked  pain  in  the 
joints  originally  aflfected  returned.  On  the  sixth  day  the  patient  was  made  toxic  with  240 
grains  of  salicylate,  and  the  drug  was  continued  every  four  hours  for  the  next  few 
days  equivalent  to  about  220  grains,  or  a  total  of  460  grains  of  salicyl  was  administered. 
Pain  in  the  joints  and  general  discomfort  promptly  disappeared  and  the  temperature  fell 
to  97°  F.,  and  remained  practically  normal  for  the  next  four  days,  but  on  the  twelfth  day 
the  temperature  rose  to  100°,  and  after  that  gradually  fell  to  99°,  that  is.  the  patient  was 
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febrile  to  the  end  of  the  exjicriment.  During  this  time  llierc  was  general  discomfort  and 
the. wrists  and  shoulders  were  painful  until  the  16lh  day.  During  the  last  two  days  the 
patient  was  comfortahle  without  comjilaint   of  pain   ruid   was  discharged  on  the   IStli  day. 

Both  the  nonsalicyl  and  salicyl  medications  gave  partial  relief  from  symptoms  of 
rheumatic  fever,  the  symptoms  of  the  disease  returning  rather  promptly  after  discontinu- 
ance of  both  types  of  medication.  From  this  salicyl  would  not  appear  to  be  any  more 
specific  and  curative   than  quinine  and   morphine. 

Patient  3  (M.  A.).  Dicignosis — rheumatic  fe\cr.  Temperature  on  admission,  102. ,3° 
F.  Administered  2^  grains  morpliine  together  with  170  grains  of  quinine  during  the 
first  five  days,  with  partial  improvement  of  the  condition.  The  joint  pains  disappeared 
so  that  the  patient  could  easily  roll  in  bed.  The  temperature  fell  to  normal  on  the  third 
day  and  gradually  rose,  remaining  at  a  level  between  99  and  101°  for  the  next  two  days. 
On  the  sixth  day  of  the  disease  17.1  gm.  (263  grains)  of  salicyl  was  administered  to 
"toxicity"  owing  to  the  return  of  pain  and  swelling  in  the  joints  originally  involved,  fever 
and  general  discomfort.  The  temperature  fell  promptly  to  normal  on  the  following  day 
and  the  patient  was  free  from  pain  and  generally  comfortable.  This  lasted  only  during 
the  next  day.  On  the  eighth  daj'  fever,  pains,  and  tenderness  in  the  joints,  and  general 
discomfort  reappeared  and  remained  unchanged,  except  for  the  temperature  which  showed 
a  tendency  to  return  to  the  normal,  until  the  patient  was  made  "toxic"  again  on  the  tenth 
day  with  200  grains  of  salicyl.  After  this,  and  for  the  next  six  days,  the  temperature 
tended  to  remain  above  normal  (moderate  fever),  but  the  symptoms  of  pain  and  general 
discomfort  disappeared.  On  the  seventeenth  day  salicyl  medication  10  grains  every  two 
hours  was  begun,  and  maintained  until  the  twenty-first  day,  or  the  end  of  the  patient's 
sojourn  in  the  hospital.  His  condition  remained  unchanged,  that  is,  there  seemed  to  be 
complete  relief  brought  about  by  the  salicyl,  a  total  of  70  gm.  (1078  grains)  having  been 
administered. 

About  a  month  later  the  patient  returned  to  the  hospital  with  another  attack  of 
rheumatic  fever  which  was  successfully  treated  by  means  of  salicyl  and  prolonged  rest 
in  bed. 

It  may  be  concluded  that  partial  relief  was  obtained  by  the  administration  of  mor- 
phine and  quinine  and  salicylate  and  that  this  was  more  complete  after  the  repeated  ad- 
ministration of  a  large  quantit}^  of  salicyl.  However,  the  condition  recurred  in  its  original 
severity.  Therefore,  it  appears  doubtful  if  salicyl  possesses  a  specific  curative  property 
in  rheumatism. 

Patient  4  (T.  F.).  Diagnosis — rheumatic  fever.  Temperature  on  admission  101°  F. 
Administered  %  grain  morphine  hypodermically,  together  with  10  grains  of  phenacetine  by 
mouth  every  2  hours  for  2^  days,  then  morphine  and  quinine  in  the  same  dosage  for  one 
day.  A  total  dosage  of  quinine  sulphate  130  grains,  morphine  sulphate  7^  grains,  and 
phenacetine  160  grains,  both  administered  during  the  first  four  and  one-half  days  of  the 
disease.  During  this  time  there  was  a  temporary  (for  2  days)  relief  from  fever  and  then 
the  temperature  gradually  rose;  Some  amelioration  of  discomfort  and  disappearance  of 
pain  in  some  joints  on  the  second  day  of  treatment,  but  the  pain  gradually  increased  and 
progressively  involved  other  joints  together  with  increased  discomfort.  Patient  was  now 
made  toxic  with  20.8  gm.  (330  grains)  of  salicylate.  For  the  next  2  days  the  tempera- 
ture fell,  ranging  from  subnormal  to  normal,  and  the  patient  was  free  from  pain  and 
was  comfortable.  After  this  the  temperature  gradually  rose  and  symptoms  of  pain  and 
discomfort  increased.  Morphine  V/2  grains,  together  with  quinine  60  grains  were  adminis- 
tered during  the  next  two  days  without  amelioration  of  pain  in  the  joints  and  general 
discomfort ;  and  the  temperature  remained  about  normal  with  small  oscillations  above 
and  below  the  normal  for  3  days.  With  the  exception  of  the  temperature  which  tended 
to  remain  subnormal,  the  sym.ptcms  persisted  in  more  or  less  aggravated  form  for  the 
next  42  days,  or  until  the  end  of  the  51st  day  of  the  disease,  being  relieved  only  when  the 
patient  was  made  toxic  by  salicylate,  and  during  this  time  8  toxic  doses  and  intermediary 
salicyl  medication,  or  a  total  of  1300  grains  were  administered.  The  patient  received  a 
grand  total  of  1620  grains  of  salicylate. 

It  may  be  concluded  that  partial  relief  was  obtained  with  both  nonsalicyl  and  salicyl 
medications  but  the  relief  appeared  to  be  somewhat  more  complete  with  repeated  salicyl 
treatment  although  it  was  difficult  to  discount  the  psychic  element. 

Patient  5  (H.  G.).  Diagnosis — rheumatic  fever.  Temperature  on  admission  104°  F. 
During  the  first  three  days  of  disease  4>4  grains  of  morphine  and  180  grains  of  phenacetine 
were  administered,  and  on   four  different  days  during  the  next  eight  days  one  grain  of 
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morphine  and  40  grains  of  plaiiacctiiic  wen.'  .-l(lmilli^tL•rt■(l,  makinjf  a  total  r,f  S'/i  j^rains 
of  morphine  and  220  grains  of  phciiacctinc  (luring  the  first  eleven  days  of  illness  TIic 
tcmiicrature  returned  to  nf)rmal  on  the  secf)n(l  day  of  disease,  rose  to  101.4*  on  the  thir'i, 
and  fell  to  normal  on  the  fourth  day.  remainin:;  subnormal  from  the  sixth  to  the  four- 
teenth days.  The  original  severity  of  the  joint  symptoms  such  as  pain.  swcUii^  and  red- 
ness gradually  disappeared  and  on  the  seventh  day  the  patient  felt  well  enough  to  get 
up,  hut  the  symptoms  gradually  reappeared  together  with  a  marked  ri<e  in  temperature 
on  the  fourteenth  day  the  pain  reappearing  in  the  same  (knee)  joint,  and  further  medica- 
tion was  necessary.  The  i)aticnt  was  made  "toxic"  with  140  grains  of  salicyl.  the  tem- 
perature fell,  and  the  patient  was  comfortable  during  the  next  two  days.  However,  on 
the  seventeenth  day  the  pain  in  the  joints  reappeared  together  with  a  slight  elevation 
in  temperature.  Morphine,  H  grain,  and  phenacctine,  10  grains,  were  administered.  The 
pain  in  the  knees  was  temporarily  relieved.  Salicyl  to  "toxicity"  (ISO  grains)  was  ad- 
ministered on  the  twenty-second  day,  with  recovery  of  pain  in  the  left  knee  joint,  the 
right  knee  remaining  stiff  and  painful  to  the  end  of  the  patient's  sojourn  in  the  hospital, 
i.  c,  the  twenty-seventh  day. 

Prompt  tliough  partial  and  tcmjtorary  recovery  followed  nonsalicyl  medication  in  the 
beginning  of  the  disease.  The  administration  of  salicyl  gave  further  relief  but  no  com- 
plete recovery. 

Patient  6  (/.  D.).  Diagnosis — rheumatic  fever  (relatively  mild  attack).  Tempera- 
ture on  admission,  101.4°  F.  .Administered  phenacetine  10  grains  together  with  morphine 
^yi  grain  each  day  during  the  first  two  and  on  the  fourth  days;  administered  a  total  of 
phenacetine  30  grains,  morphine  54  grain.  During  this  time,  the  patient  was  fairly  com- 
fortable although  pain  in  the  joints  persisted  and  remained  unchanged.  The  tempera- 
ture fell  to  normal  after  the  second  dose  of  the  drugs  and  then  returned  to  100°,  and 
again  fell  to  97°  on  the  fourth  day,  returning  to  99.8°  on  the  fifth  day.  After  the  fifth 
day,  and  to  the  end  of  the  patient's  sojourn  in  the  hospital  (end  of  fourteenth  day), 
the  temperature  remained  subnormal,  and  all  symptoms  of  the  disease  disappeared  com- 
pletely, without  further  medication  of  any  kind.  The  disappearance  of  all  the  symptoms 
coincided  with  the  fall  of  temperature  on  the  fifth  day,  the  patient  making  an  uneventful 
recover}-  in  the  next  ten  days. 

In   this   patient,   therefore,   complete    relief   was   obtained   without    salicyl    medication. 

Patient  7  (S.  R.).  Diagnosis — Rheumatic  fever.  Temperature  on  admission  was 
100°  F.  On  the  first  day  50  grains  of  phenacetine  and  Ij/l  grains  ot  morphine  were  ad- 
ministered, with  fall  of  temperature  to  97°  and  complete  relief  from  svmptoms  of  pain  in 
joints  and  general  discomfort  for  3  days.  On  the  fourth  day,  the  temperature  rose  to 
100°,  and  pain  in  the  same  joints  (left  elbow  and  shoulder)  returned.  This  continued 
in  more  or  less  aggravated  form,  despite  the  administration  of  single  daily  doses  of 
phenacetine  (10  grains)  together  with  morphine  (5^4  grain)  for  the  next  eight  days.  Dur- 
ing this  time  there  were  daily  changes  in  temperature  ranging  from  normal  in  the  morn- 
ing to  a  moderate  fever  of  100°  in  the  afternoon.  There  was  no  general  marked  dis- 
comfort complained  of.  .\  total  dosage  of  160  grains  of  phenacetine  and  4  grains  of 
morphine  had  been  administered.  However,  on  the  eleventh  day  the  patient  received  a 
toxic  dose  of  salicylate  amounting  to  140  grains.  The  temperature  had  returned  to  normal 
the  day  before  the  administration  of  salicyl  and  tended  to  remain  subnormal  for  the  next 
six  days.  Pain  in  the  joints  disappeared  and  the  general  condition  of  the  patient  im- 
proved. On  the  fifteenth  day  the  patient  was  discharged  completely  relieved  of  symptoms 
of  rheumatic  fever. 

The  symptoms  of  rheumatic  fever  were  partially  though  temporarily  relieved  by  the 
administration  of  phenacetine  and  morphine  in  the  beginning  of  illness,  and  although  the 
temperature  returned  to  normal  before  the  administration  of  salicyl  was  begun,  it  is  seen 
that  more  complete  relief   from  the  remaining  s\mptoms  ensued  after  salicyl. 

Patient  8  (/.  T.).  Diagnosis — rheumatic  fever.  Temperature  on  admission  100.4°  F. 
Administered  3^4  grains  of  morphine  together  with  130  grains  of  phenacetine  during  the 
first  three  days  of  illness.  There  was  a  fall  of  temperature  to  98°  on  the  second  day. 
and  remained  subnormal  with  small  variations  for  the  next  seven  days,  .\fter  the  third 
day  the  patient  remained  free  from  pain  and  other  symptoms  for  the  next  seven  days. 
Symptoms  of  pain,  redness,  and  swelling  in  joints,  general  discomfort  and  fever,  returned 
on  the  tenth  day.  The  patient  was  made  "toxic"  with  300  grains  of  salicylate,  and  during 
the  next  three  days  540  grains  of  salicyl  were  administered,  or  a  total  of  840  grains  with- 
out relief  of  pain  and  other  symptoms  in  the  joints,   the  temperature,  however,  remaining 
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subnormal.  In  fact,  the  patient's  condition  was  worse  than  on  admission.  The  patient 
now  (on  the  fifteenth  day)  received  10  grains  of  antipyrine  and  remained  in  bed  for  the 
next  two  days,  with  the  relief  of  symptoms  in  some  of  the  joints,  but  other  joints  con- 
tinued to  be  involved.  During  the  next  three  days  3  grains  of  papaverine  together  with 
30  grains  of  antipyrine  were  administered.  The  temperature  remained  subnormal  during 
the  remaining  sojourn  in  the  hospital,  or  the  end  of  the  36th  day,  and  the  symptoms  of 
pain  and  swelling  in  joints,  and  genetal  discomfort  gradually  disappeared,  although  some 
stiffness  in  the  joints  persisted. 

Nonsalicyl  medication  gave  prompt  and  practically  complete  relief  from  the  symptoms 
of  rheumatism  during  the  first  attack.  Salicylate  in  large  doses  was  ineffective  during 
the  second  attack,  but  complete  relief  ensued  following  the  administration  of  antipyrine 
and  papaverine.     This  docs  not  speak  favorably  for  salicylate. 

Patient  9  (L.  S.).  Diagnosis — rheumatic  fever.  Temperature  on  admission  104.6°  F. 
For  two  days  previously  had  received  unknown  quantity  of  salicyl,  became  "toxic,"  but 
without  relief  of  joint  symptoms  and  fever.  Patient  was  brought  into  hospital  on  last 
day  of  salicyl  treatment,  his  condition  being  more  aggravated.  That  night  patient  re- 
ceived 2  grains  of  papaverine  together  with  20  grains  of  quinine.  On  the  following  day, 
the  temperature  fell  to  97°,  rose  to  100°  on  the  second  day,  and  again  to  100.8°  on  the 
third  day,  and  then  gradually  fell  to  normal  on  the  fifth  day,  and  remained  unchanged 
till  the  end  of  the  eighth  day,  when  he  was  discharged.  Following  the  administration 
of  papaverine  and  quinine  the  patient  was  more  comfortable  and  the  symptoms  of  swell- 
ing, pain,  and  redness  in  the  joints  gradually  disappeared,  so  that  by  the  end  of  the  fourth 
day  the  patient  had  obtained  complete  relief  from  all  symptoms  of  the  disease,  and  re- 
mained so  until  the  date  of  his  discharge. 

No  relief  in  this  patient  was  obtained  by  salicyl  medication;  complete  relief  fol- 
lowed the  administration  of  two  doses  of  papaverine  and  quinine.  It  is  possible  that 
the  patient  would  have  recovered  without  any  medication  after  the  salicyl  period. 
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WI'',I\F,  ihc  i)li\sical  sit^ns  in  all  cases  of  cinpyeina  the  same,  the  prrjhlcm 
(if  rcc(ii,Miiti(in  and  of  jjvoper  treatment  would  he  comj^aratively  simple. 
Hut  just  as  tlu'  proper  indications  for  operation  may  xary  with  each  case,  so 
in  no  two  cases  may  the  evidence  of  pleural  pus  he  said  to  he  identical.  Xever- 
iheless,  for  con\enience,  and  in  an  attempt  to  clarify  the  prohlem,  we  have  classi- 
fied the  various  em])\ema  cases  as  seen  on  the  medical  service  into  certain  groups, 
the  indi\i(lual  memhers  of  which  present  in  a  general  way  the  same  history, 
course  and  phvsical  findings.  The  following  nomenclature  has  been  chosen  as 
l)eing  descri])ti\e  of  either  the  clinical  or  the  anatomical  manifestations  in  the 
different  groups: 

I.   Primary  empyema. 
II.    Precocious  empyema. 

III.  Cryptic  empyema. 

IV.  Massive  empyema. 

V.  Suppurative  polyserositis. 

VI.  Interlobar  empyema. 

VII.  Juxtamediastinal  pus. 

VIII.  Polylocular  empyema. 

IX.  Latent  empyema. 

I.     PRIMARY    EMPYF.M.V 

This  group  coni|)riscs  a  few  patients  who  ha\e  been  admitted  suffering 
from  an  illness  of  hut  short  duration,  the  onset  of  which  has  been  sudden  with 
chills,  fever,  and  }ileural  pain,  and  on  whom  the  diagnosis  of  lobar  pneumonia 
has  usually  been  previously  made.  The  physical  findings  on  admission  may  be 
those  of  a  large  fluid  accunudation.  dullness  to  flatness  with  absent  tactile  frem- 
itus, and  diminished  or  absent  breath  and  voice  sounds,  or  the  voice  sounds  may 
be  fairly  well  transmitted.  Fluid  is  at  once  suspected  and  thoracentesis  con- 
firms the  diagnosis.  In  some  of  these  ca.^es  it  is  difficidt  to  state  whether  the 
emi)yema  is  jirimary  or  whether  it  is  secondary  to  an  intrapulmonary  condition. 
We  ha\e  found  the  character  of  the  sjuitum  to  be  of  material  aid  in  thus  dis- 
tinguishing a  primarv  empyema.  In  it  there  is  neither  the  tenacious  sputum 
of  lobar  consolidation  nor  is  there  the  easily  raised  muco-pus  of  bronchoimeu- 
nionia.     C^nlgh  mav  be  ])resent  and  urgent  but  it  is  quite  nonproductixe. 

We  ha\e  had  two  cases  of  primarv  empyema  in  our  operated  series,  one  of 
whom  gave  a  history  of  recent  measles  infection  while  the  other  did  not.  Of 
how  great  ini]>ortance  the  measles  could  be  in  predisposing  to  involvement  of 
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the  pleural  cavity  can  be  but  a  matter  of  conjecture.     In  this  camp  the  pneu- 
mococcus  has  been  the  organism  found  in  the  pleural  exudate. 

In  addition  we  have  had  two  cases  of  primary  serofibrinous  pleurisy  in 
whom  the  chest  fluid  contained  pneumococci.  Both  patients  were  aspirated  re- 
peatedly and  the  first  recovered  without  operation  while  the  second  finally  de- 
veloped frank  pus  and  was  drained  surgically. 

II.    rRECOCIOUS    EMPYEMA 

It  is  a  common  saying  that  if  the  temperature  in  a  case  of  lobar  pneumonia 
remains  up  after  the  seventh  to  the  tenth  day  of  the  disease  it  is  well  to  suspect 
a  complicating  empyema.  It  is  indeed  true  in  our  experience  that  following  frank 
lobar  penumonia_  true  pus  did  not  appear  in  the  pleural  cavity  in  the  majority 
of  cases  until  after  the  time  for  crisis.  Of  twenty-five  cases  in  which  the  date 
of  empyema  diagnosis  is  definite,  only  one  had  the  complication  previous  to  the 
seventh  day,  and  that  on  the  second  day.  Four  cases  occurred  on  the  tenth 
day,  three  on  the  twelfth  and  one  or  two  occurred  on  other  days  from  the  seventh 
as  late  as  the  thirty-seventh. 

But  it  would  be  negligence  to  wait  until  the  seventh  day  before  beginning 
the  search  for  empyema.  The  majority  of  the  cases  develop,  first,  a  serofibrinous 
pleurisy  containing  organisms  and,  later,  pus.  Although  the  latter  has  occurred 
in  lobar  pneumonia  after  the  seventh  day.  the  former  in  two-thirds  of  the  cases 
was  proved  by  thoracentesis  to  be  present  previous  to  the  seventh  day.  Upon 
the  early  recognition  and  repeated  aspiration  of  this  clear  fluid  frequently  de- 
pends the  possibility  of  avoiding  subsequent  rib  resection. 

Amongst  the  postinfluenzal  group  of  pneumonias  which  occurred  during  the 
spring  frank  pus  developed  more  rapidly  than  in  the  primary  lobar  ])neumonias. 
Of  seven  such  cases  five  developed  pus  previous  to  tlie  sixth  day. 

To  summarize,  we  have  had  four  cases  of  precocious  empx'ema  following 
lobar  pneumonia,  one  on  the  first  day,  two  on  llie  second  and  one  on  the  third. 
Two  more  are  noted  among  tlie  ])ostinflucnzal  cases  as  occurring  on  the  fifth 
day.  In  all  other  cases  in  whicli  the  information  is  exact,  pus  iWd  not  occur 
until  after  the  seventh  day.  Among  the  Itronchojineumonias  also  precocious 
empyema  is  the  exception.  The  majority  of  cases  were  discovered  after  the 
ninth  day. 

II  I.  I'm'i  TK"  KM  pvi;m.\ 

One  feature  of  \\k-  cnipyrnia  pi-oblcm  tliat  has  ehcited  coinnienl  from  sev- 
eral camps  is  llie  a]'parent  l;icl  that  our  ])i"c'\ious  ti'acliings  concerning  the  plix'si- 
cal  indications  of  pleural  (luid  arc  cnonrous  as  regards  the  poslbronchopneu- 
monia  empyemata.  It  is  true  th.it  mo^i  of  the  cases  occurring  during  the  severe 
broncliopncumoni;!  epidemic  did  not  sliow  1\pir,il  '-igiis  of  lluid.  Ihil  ;is  \vc 
have  become  better  ac(|uainted  with  this  type  of  chest  we  ha\e  conchidcd.  not 
that  the  old  signs  of  fluid  are  at  fault,  but  that  tlieir  enumeration  must  l)e  ino(| 
ilied  by  certain  exceptions  and  .iniplilicitidiis.  It  is  dillicuh  ;ind  in  occ.ision.il 
instances  nearly  impossible  to  demonstrate  fluid  fruin  llie  physical  lindiiigs  in 
the  bronchopneumoni.'is  that  we  ha\c  had  in  camp.  b\il  thai  it  c:u\  be  done  is 
indicated   b\-   the    f;ut    th;il,   ^ince   the  l.itter  p;iit    of    I  )ecember.    I'M",   scarcely   a 
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case  u  ilh  [ileural  lluid  has  j^tnic  to  aut(j[j>y  undiaf^noscd,  even  ihcjugh  the  amrjunt 
he  smalL 

Perliaps  the  most  (hstuiiiing  fiiKlinj,'  o\c'r  fluid  is  the  presence  of  rales. 
Coarse,  moist,  sticky  rales  may  he  heard  over  a  fluid  which  nearly  half  fills 
one  side  of  the  cht'sl.  Ii  is  ne\c'r  safe  to  decide,  hecause  rales  are  present 
and  seem  close  to  tlie  ear,  that  fluid  is  ahsent.  We  do  n(jt  recall,  however, 
havinc^  heard  the  tyi)ical  line  crepitations  of  ])neumonic  consolidation  over  fluid. 

Amoiiij;^  the  signs  indicati\e  of  fluid  in  l)ronchopneumonia  there  are  two 
of  [)aramount  importance.  I'irst  of  these  should  he  mentioned  diminished  or 
absent  breath  sounds.  Where  breath  sounds  are  distant  and  even  though  dull- 
ness be  but  moderate  and  rales  be  present,  fluid  should  be  suspected.  Flat- 
ness to  percussion,  best  determined  1)_\'  comparison  with  percussion  over  the 
deltoid  muscle,  is  a  frequent  indication  of  fluid  in  bronchopneumonia.  Also 
in  cases  showing  dullness  without  true  flatness  and  with  distant  breath  sounds, 
fluid  is  to  be  suspected. 

The  presence  or  absence  of  a  Grocco's  paravertebral  triangle  or  of  trans- 
mitted tactile  fremitus  have  been  only  of  confirmatory  value.  Displacement 
of  the  heart  borders,  the  apex  impulse  or  the  point  of  maximum  intensity  of 
the  heart  sounds  is  frequently  a  valuable  diagnostic  aid.  The  patient's  general 
condition  is  of  aid  in  lobar  pneumonia  but  in  bronchopneumonia,  the  sweating, 
cyanosis  and  wide  diurnal  temperature  excursions  are  nearly  as  frequent  where 
empyema  is  absent  as  when  it  is  present. 

In  choosing  the  point  for  thoracentesis  one  is  governed,  at  times,  by  the 
flatness  of  the  percussion  note  and,  at  times,  by  the  diminution  of  the  breath- 
ing and  of  the  whispered  voice.  It  frequently  is  necessary  to  insert  the  needle 
to  a  considerable  distance  before  fluid  is  reached.  Another  surprising  obser- 
vation is  the  relatively  large  amount  of  fluid  that  may  be  obtained  at  operation, 
even  though  two  or  three  previous  needlings,  within  a  rather  limited  area, 
were  necessary  before  it  could  be  foimd.  Provided  there  is  strong  evidence 
that  fluid  is  present,  one  should  not  rest  content  with  a  single  nonproductive 
needling.  Thoracentesis  should  be  persisted  in  until  there  is  no  longer  any 
uncertainty.  Usually  two,  or  at  the  most  three,  needlings  will  definitely  set- 
tle the  question. 

The  frequent  accumulation  of  encapsulated  fluid  in  bronchopneumonia  would 
appear  to  be  the  explanation  for  the  anomalous  signs  in  empyema.  Conges- 
tion and  compression  of  the  surrounding  pulmonary  tissues  accounts  in  part, 
at  least,  for  the  presence  of  rales.  In  lobar  pneumonia,  cryptic  empyema  is 
less  frequently  present  and  the  classical  signs  of  fluid  are  in  evidence. 

IV.    MASSIVE    EMPYEMA 

This  well-known  condition  has  occurred  in  a  small  number  of  our  series. 
]\Iore  frequently  the  in'othorax  is  walled  ofif  by  adhesions  and  limited  in  its 
extent.  In  the  larger  effusions  and  in  those  loculated  effusions  which  occur 
in  the  region  of  the  left  axilla,  displacement  of  the  heart  and  Grocco's  sign 
have  been  of  assistance.  Information  obtained  from  examination  for  tactile 
fremitus  has  varied  directly  with  the  size  of  the  fluid  accumulation,  fremitus 
being  characteristically  absent  over  the  massive  empyemata. 
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V.    SrPPUKATl\-K    rOI.VSKUOSITIS 

This  condition  deserves  nuMilion  cliictly  lit-cause  of  its  comparative  in- 
frequency.  A\  e  lia\e  chosen  this  nanir  lo  (lesij4nale  iho^e  cases  following"  loliar, 
or  more  parlicularlv  l)ronchopneun-i()nia,  in  which  at  autoi)sy  there  is  found  to 
be  present  a  bilateral  empyema,' a  purulent  pericarditis,  and  a  general  perito- 
nitis. In  our  series  we  have  had  but  two  cases  showing  all  of  these  findings 
but  have  had  three  or  four  additional  in  whom  peritonitis  occurred  as  a  com- 
plication to  pneumonia,  and  in  one  of  these  there  was  also  a  unilateral  empyema. 
In  the  case  of  two  i)atients  who  were  first  ojjerated  for  app:;ndicitis,  subse- 
quently developed  ])neumonia  and  finally  terminated  with  ])eritonitis,  the  pneu- 
mococcus  was  found  to  be  the  organism  in\ading  the  peritoneum.  \\'e  have 
had  two  cases  with  bilateral  empyema  and  suppurati\e  pericarditis  as  instances 
of  a  form  of  suppurative  polyserositis. 

Th.e  problem  as  to  whether  spread  to  other  serous  cavities  is  metastatic 
or  by  direct  invasion  through  the  diaphragm  or  pericardium  is  unsettled.  There 
are  those  who  claim  that  pericarditis  complicating  pneumonia  results  from  di- 
rect spread,  but  the  occurrence  of  pericarditis  or  peritonitis  in  pneumonia 
cases  wdthout  empyema  seems  scarcely  explainable  b}-  such  an  hypothesis. 

Pneumococcus  peritonitis,  as  it  has  occurred  in  this  camp,  is  evidenced  by 
few  svmptoms.  There  may  be  some  distention  and  but  moderate  rigidity 
and  tenderness.  Or  the  symptoms  may  be  very  definite.  At  autopsy  one  finds 
small  collections  of  sweet-smelling,  greenish-yellow  pus  lying  between  the  folds 
of  the  intestines  and  settled  in  the  dependent  fossae.  The  distribution  is  usu- 
ally throughout  the  entire  peritoneum. 

VI.    INTERLOBAR    EMPYEMA 

This  has  been  observed  in  a  few  instances  at  autopsy.  Among  those  who 
have  survived,  its  possible  presence  is  frequently  indicated  first,  by  the  x-ray,, 
second,  by  the  fact  that  signs  of  fluid  are  not  definite,  and  third,  by  the  fact 
that  it  frequently  is  necessary  to  insert  the  needle  to  a  considerable  depth  be- 
fore fluid  may  be  obtained.  We  have  had  three  typical  cases  of  right  inter- 
lobar empyema  in  which  fluid  could  be  obtained  only  from  the  region  covered.' 
by  the  midscapula  when  in  its  normal  position  and  then,  only  after  the  needle 
had  been  inserted  to  its  full  extent.  In  these  cases  the  most  useful  physical 
sign  was  flatness  to  percussion  after  the  scapula  had  been  moved  well  out  of 
the  way.     The  x-ray  gives  valuable  assistance  in  these  cases. 

VII.    JUXTAMEDIASTIXAL    PUS 

So  frequent  have  been  our  cases  of  loculated  empyema  between  the  vis- 
ceral pleura  and  pericardium  or  upper  mediastinum,  that  we  have  included 
them  in  our  classification  as  a  distinct  group.  Particularly  has  this  condition 
been  found  to  be  present  at  autopsy.  Among  the  earlier  cases  of  our  series 
there  was  one  patient  who  had  developed  a  postpneumonia  empyema  and  who 
had  been  drained  surgically.  He  had  been  doing  fairly  well  and  the  drainage 
had  become  quite  scant  when,  unexi)ectedl>-,   his   condition   became  worse,   and 
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in  ■^|lit(•  of  attcni]>ls  to  locate  nujre  pus  he  died.  At  autopsy  the  drainaf^e  was 
found  to  l)i-  (juile  complete  iu  the  cavity  drained  hut  hetvveen  the  ]unj(  and  the 
upper  inediiislinuui  there  was  a  con>ideralt]e  walled-olT  accumulation  of  jiure 
pus.  We  have  al>o  heen  ai)le  to  fnid  this  con(htion  during  life  and,  through 
appropriate  treatment,  to  cure  the  ])atient.  Here,  again,  the  x-ray  is  of  ines- 
timable value. 

Instances  ha\c  been  t'ound  at  autopsy  of  sujipurative  mediastinitis.  We 
have  one  patient  at  present  on  the  ward  who  shows  the  classical  signs  of  this 
condition,  substernal  pain,  increase  in  mediastinal  dullness  and  in  mediastinal 
shadow  bv  x-rav.  une(|u;il  pupil•^  and  ].ulses.  and  the  constitutional  >igns  of  pus. 
More  recent  x-rays  show  evidence  of  encapsulation  adjacent  to  the  upper 
mediastinum  and  it  is  possible  that  this  case  is  not  one  of  suppurative  medias- 
tinitis but  juxta-mediastinal  empyema.     He  is  progressing  favorably. 

VIII.    I'OIALOCL'LAK    EMPVF.MA 

A  condition  of  considerable  importance  is  the  presence  in  the  same  chest 
of  more  than  one  loculated  fluid  collection.  We  have  had  two  patients  in  whom 
we  were  able  to  obtain  clear  serous  fluid  from  one  area  and  pus  from  another. 
The  case  cited  under  juxtamediastinal  pus  is  another  example.  One  fluid  collec- 
tion mav  be  parietal  while  the  second  is  interlobar  and  under  these  circum- 
stances the  latter  is  especially  liable  to  l)e  missed.  Associated  with  the  con- 
dition of  polylocular  empyema  should  be  mentioned  an  occasional  finding  in 
drainage  cases  where  the  temperature  remains  elevated  although  the  discharge 
has  become  scanty.  This  is  frequently  due  to  walled-oiT  pus  which  the  tube 
no  longer  reaches.    In  all  of  the  above  conditions  the  x-ray  gives  considerable  aid. 

IX.    LATENT    EMPYEMA 

In  decided  contrast  to  those  individuals  in  bronchopneumonia  whose  con- 
dition rapidly  becomes  critical,  with  accumulation  of  serofibrino-purulent  tluid 
in  the  pleural  cavity  and  who  die  even  before  the  fluid  has  opportunity  to  be- 
come real  pus,  are  occasional  cases  who  may  carry  about,  without  reaction,  a 
chest  nearly  full  of  ])us.  One  patient  in  our  earlier  series  carried  about  with 
him  an  empyema  which  had  escaped  detection  until  the  physical  examination 
preliminarv  to  discharge.  Pus  w^as  found  on  the  thirty-seventh  day  after  his 
jmeumonia  and  after  his  temperature  had  remained  normal  for  fourteen  days. 
After  removal  of  the  ]nis,  the  patient  was  discharged  well. 

USEFULNESS    OF    THE    X-RAV 

The  x-ray  has  two  fields  of  usefulness  which  easily  render  its  aid  indis- 
pensable. The  first  of  these  is  the  possibility  of  thus  discovering  interlobar 
empvema.  juxtamediastinal  pus  and  polylocular  fluid.  The  second  and  equally 
important  i^hase  of  the  x-ray  work  is  in  the  examination  of  convalescent  em- 
pvema patients  who  have  been  up  and  about  for  some  time,  who  do  not  regain 
strength  as  they  should  do  and  who  occasionally  have  a  mild  temperature  ele- 
vation.    In  these,  radiograms  at  times  demonstrate  a  small  pocket  of  sacculated 
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pus  sometimes  contained  tojji'etlier  with  air  in  a  thick  walled  cavity.  .Vspiration 
without  operation,  provided  the  lluid  is  small  in  amount,  sometimes  produces 
satisfactor}'  results. 

MKDiCAi^  "i"oi,i<()w-i;i>"  tki;atmi;nt 

\\'e  would  em]iliasize  the  importance  of  medical  "follow-ujV'  work  on  post- 
operative cases.  Jt  has  lieen  the  custom  in  this  hospital  for  the  man  who  has 
general  sujiervision  of  the  ])neum()nia  cases  to  devote  a  portion  of  his  time 
to  examination  of  emp\ema  cases  on  the  surgical  wards.  He  makes  daily  ex- 
aminations of  acutely  ill  patients  and  notes  his  hndings  on  the  clinical  record, 
together  with  whatever  recommendations  he  considers  advisable.  Search  is 
made  for  evidences  of  retained  i)us  and  for  complications,  particularly  peri- 
carditis, peritonitis  and  beginning  fluid  accumulation  on  the  well  side  of  the 
chest.  In  a  few  patients  signs  of  considerable  fluid  remained  even  though  the 
drainage  tube  appeared  to  be  functioning  properl}-.  Following  the  recommen- 
dations of  the  medical  man  adhesions  were  broken  up  and  the  walled-off  pus 
was  evacuated.  The  presence  of  a  drainage  tube  is  no  counterindication  to 
the  use  of  the  exploratory  needle  in  cases  where  there  is  a  question  as  to  the 
persistence  of  pus. 


cocAiNK  PoisoMxc.    Ki;i'()i:T  or  A  cAsi-:  WITH  .\i;(  Korsv* 

l'\-  I'j.i.is  Ki;u,i;kt,  A!. I).,  Ai,i!.\.\v,  X.  Y. 

SINCE  the  c'uKciil  of  local  ancsUicsia,  i)raclica]i}  all  who  ha\c  had  extensive 
experience  w  ith  ihe  varions  preparations  have  at  times  encountered  instances 
of  acute  poisoniui;  and  occasionally  death  iiinnediately  after  their  u-e.  I'atal 
cases  are  not  exceedingly  rare  and  it  is  certain  that  many  deaths  due  to  the 
anesthetic  arc  not  so  recorded.  Cocaine  h}drochloridc  as  used  clinically  appears 
to  be  j)articular]\'  toxic,  since  symptoms  of  poisoning  occur  quite  frequently  even 
after  the  use  of  small  ([uantities.  There  are,  however,  considering  the  wide- 
spread use  of  cocaine,  hut  comparatively  few  fatal  cases  reported.  W'itthaus 
and  Becker  state  that  u|)  to  1911  only  sixty-seven  deaths  from  cocaine  have  been 
reported  and  from  11)11  to  dale  only  se\cn  reports  of  fatal  cases  have  been 
added.  In  a  rather  extensive  pathologic  experience  the  case  herein  recorded  is 
the  first  instance  in  which  a  necropsy  has  been  secured  by  us.  Because  of  the 
rarity  of  such  examinations  and  furthermore  since  the  Therapeutic  Research 
Committee  of  the  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  have  particularly  requested  all  available  data,  this  accidental  death 
following  the  use  of  cocaine  is  described  although  the  clinical  history  is  rather 
brief. 

Ci.ixiCAL  History. — The  patient,  a  man,  forty-six  years  of  age,  an  agent,  complained 
of  pain  in  the  lower  right  quadrant  of  the  abdomen.  On  the  preceding  day  he  suflfered 
from  "colic"  and  vomited  three  times.  Temperature  100°  F.,  pulse  96,  respirations  24. 
Patient  entered  the  hospital   and  the  appendix  was   removed. 

That  niglit  at  12  p.m.  the  resident  physician  attempted  twice  to  catheterize  the 
patient  but  without  success.  Slight  bleeding  followed  each  attempt.  About  two  hours 
later,  "three  drams  of  a  4  ]icr  cent  cocaine  solution  were  injected  into  the  urethra.  The 
patient  immediately  had  a  convulsion  and  died." 

Necropsy. — Twelve  hours  postmortem.     Body  length  180  cm. 

The  body  is  that  of  a  well-built,  well-developed  white  male  adult.  Rigor  mortis 
is  present.  Tliere  is  very  slight  postmortem  lividity  in  the  dependent  portions.  There 
is  no  edema  of  tlic  extremities  and  no  general  glandular  enlargement.  The  pupils  are 
midwide  and  equal.     To  the  right  of  the  umbilicus  is  a  recent  appendectomy  wound. 

r\-rit(>ncal  Caz'ity. — The  surfaces  are  normally  smooth,  moist  and  glistening.  The 
stomach  is  slightly  dilated.  The  appendix  has  been  removed  and  the  site  of  operation 
appears  clean,  but  blood  stained.  A  small  quantity  of  fluid  blood  is  found  in  the  right 
iliac  fossa.     The  adjacent  coils   of  intestine  are   slightly   injected   and  adherent. 

Pleural  Cin-itics. — The  surfaces  appear  negative.  A  few  adhesions  are  found  about 
the  upper  lobes  on  each  side.     An  occasional  area  of  brownish  pigmentation  is  also  present. 

Lunr/s. — The  right  lung  is  somewhat  voluminous  and  the  left  is  collapsed.  Both 
show  moderate  congestion  but  crepitation  is  present  except  in  the  lower  lobes  which  are 
dark  red  on  section  and  tilled  with  fluid  blood.  Dissection  of  the  large  vessels  shows  no 
thrombi  or  emboli. 

Heart. — It  weighs  320'  grams.  All  cavities  appear  to  be  dilated,  particularly  the 
riglit  side,  where  a  large  quantity  of  fluid  lilood  is  found.  The  blood  is  dark  red  in 
color  and  only  a  few  small  clots  are  present.  The  pericardium  is  negative.  The  endo- 
cardium and  valves  also  appear  normal.  The  coronary  arteries  are  patent  throughout 
and  no  narrowing  of  the  lumen  is  found.  The  myocardium  is  dull  red  and  unusually 
soft   and   flabbv.     The   ventricular   walls   are   thinner   than   normal,   the   left   being    1.5   cm. 
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in  thickness.  Nothing  unusual  is  found  on  section.  The  pulninnar\-  artery  is  opened  in 
situ   and  no  thromhi  or  clots  of  any  description   are   found. 

iitistroiiitcstiiial  Tract. — The  stomach  is  slightly  dilated,  hut  not  otherwise  abnormal. 
The  mucosa  appears  negative.  The  small  and  large  intestines  also  appear  normal.  There 
is  no  enlargement  of  the  m.esenteric  lymph   nodes. 

Pancreas. — It   is  not  remarkable. 

Sflcen. — Weight  175  grams.     It  is  dull  red  in  color  and  appears  normal. 

Liver. — Weight  1850  grams.  It  is  dark  red  in  color.  The  surface  is  friable  and  t!ie 
hepatic  lobules  are  very  distinct.     The  gall-bladder  and  bile  passages  are  normal. 

Kidneys. — Combined  weight  250  grams.  They  appear  small  and  are  dark  red  in 
color.  The  capsule  strips  readily,  leaving  a  smooth  surface.  Cut  surface  is  distinctly- 
injected  and  fluid  blood  escapes.  The  pelves  and  ureters  are  negative.  The  bladder  !s 
greatly  distended,  containing  approximately  one  liter  of  Itloody  urine  in  which  a  few  small 
clots  of  blood  arc  found. 

Genitalia. — The  prostate  is  not  enlarged.  The  prostatic  urethra  appears  normal.  On 
opening  the  entire  length  of  the  urethra,  the  surface  appears  smooth  and  normal.  No 
areas  of  ulceration  are  found.     The  lacunae  are  prominent.     The  testicles  are  normal. 

Aorta. — It  is  normal  throughout. 

Brain. — Weight  1400  grams.  The  dura  and  inner  surface  of  the  calvarium  are  nor- 
mal. The  pia-arachnoid  is  distinc'dy  edematous  and  injected.  Serial  sections  are  made  and 
nothing  pathologic  found. 

Anatomic-XL  Diagnoses. — Acute  dilatation  of  heart,  acute  congestion  of  liver,  kid- 
neys, spleen  and  lungs;  edema  of  cerebral  meninges,  chronic  pleuritis,  absence  of  ap- 
pendix (operation). 

AIiCROscopic  Examination.— 

Heart. — ^There  is  marked  "fragmentation"  of  the  muscle  fibers.  The  capillaries  are 
not  unusually  distended,  but  an  occasional  area  of  interstitial  hemorrhage  is  found.  Pig- 
ment is  not  increased  and  the  nuclei  appear  normal.  Sections  show  the  right  ventricular 
wall  to  be  unusually  thin,  otherwise  negative.     There  is  no  increased  amount  of  fat  present. 

Liver. — There  are  no  marked  alterations.  The  sinusoids  adjacent  to  Glisson's  cap- 
sule are  distended  with  blood.     Elsewhere  they  are   somewhat   less   congested. 

Spleen. — Great  engorgement,  with  interstitial  hemorrhage.  The  smaller  vessels  show 
hyalin  changes  in  the  intima. 

Pancreas. — Not  remarkable. 

Kidney. — The  vessels  are  greatly  distended  with  blood.  Moderate  degenerative  changes 
of  the  tubular  epithelium  present.  The  glomeruli  are  congested.  All  the  tubules  adjacent 
to  the  capsule  are  dilated  and  contain  a  fibrinous  deposit.  Similar  deposits  are  found  in 
the  glomeruli   in   this  region. 

Bladder. — Congestion  and  edema.  Separation  of  the  muscle  bundles  between  which 
are   found   a  fibrinous   deposit  and   occasional   extravasation   of  blood. 

hUestine. — The  ileum  contains  an  excessive  amount  of  mucus.  Numerous  polynu- 
clear  leucocytes  are  found  beneath  the  serosa,  in  the  mesenteric  fat  and  between  the  muscle 
bundles. 

Cerehruin. — Edema  of  the  cortex.  Meninges  show  marked  distention  of  the  vessels, 
slight  cellular  infiltration  and  areas  of  great  pial  thickening.  The  molecular  zone  presents 
a  rarefied  or  vacuolated  appearance  and  the  nerve  cells  found  within  this  zone  stain  poorly 
<is  though  due  to  acute  degenerative  changes. 

Cerebellum. — The  vessels  of  the  meninges  are  congested.  Slight  periadventitial  lymph- 
ocytosis. 

Prostate. — A    few   areas   of   lymphocytic  infiltration  present. 

Seminal  Vesicles. — Muscular  hypertrophy.  Very  few  spermatozoa  present.  Many  of 
the  epithelial  cells  contain  a  brownish  pigment. 

Urine. — Numerous  leucocytes,  erythrocytes,  tailed  epithelial  cells,  spermatozoa  and 
oil  droplets  are  present. 

Chemical  examination  of  the  urine  from  the  bladder  by  Doctor  .\rthur  Knudson  is 
negative  for  cocaine. 

The  symptoms  and  death  occurring  so  quickly  late  at  night  did  not  make 
possible  clinical  observations  other  than  these  already  noted.  On  subsequent 
inquiry,  it  was  learned  that  the  cocaine  used  was  in  the  form  of  a  4  per  cent 
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Stock  solulioii  anil  ciiini.araliN cly  fri-li.  'I'lic  roidcnt  physician  statcfl  that  about 
three  drams  wvvv  u-vd  and  this  wouhl  corrc:  pond  a]>|)r<)Ximately  to  0.50  j^ram  of 
cocaine  liydrochloriilc.  The  lethal  do^c  is  variably  estimated,  but  generaliy  con- 
sidered to  be  less  than  1.000  j.,mi.  In  nearly  all  urethral  cases  reported,  less 
than  1  ,i,nam  has  caused  death  and  it  is  very  likely  that  a  much  smaller  quantity 
produced  the  actual  j)oisoninf^. 

Since  the  ])ul)lication  of  Witthaus  and  Becker  but  few  cases  have  been  re- 
corded, although  a  number  of  instances  are  related  where  symptoms  of  poison- 
ing ensued.  There  is  little  doubt  that  many  deaths  have  occurred  either  acci- 
dentally or  in  the  case  of  cocaine  habitues  from  over  dosage.  In  the  cases  re- 
ported by  Witthaus  and  r>ecker  the  dose  is  stated  in  but  twenty-five  and  of 
seven  cases  recorded  since  1911  we  find  the  cjuantity  stated  in  four.  In  addi- 
tion to  the  fatal  cases  following  the  injection  of  cocaine,  many  others  are  re- 
ported where  the  simple  application  of  a  4  per  cent  solution  to  burns  or  ulcers 
or  in  the  form  of  a  spray  in  the  nose  caused  death. 

The  onset  of  symptoms  may  be  immediate  or  delayed  for  several  hours. 
Death  usually  occurs  promptly,  but  is  less  likely  to  happen  with  an  increasing 
interval  of  time  and  rarely  takes  place  after  three  hours.  Excitement  and  con- 
vulsions followed  by  collapse  are  the  chief  symptoms  and  death  appears  to  be 
due  to  cessation  of  respiration  or  of  heart  action. 

Nothing  characteristic  is  found  at  postmortem  examination.  In  our  case, 
dilatation  of  the  heart,  acute  congestion  of  the  organs  and  edema  of  the  meninges 
were  the  chief  changes  noted  and  correspond  to  the  results  obtained  in  previous 
necroi)sies.  The  interstitial  heniorrh.age  noted  in  the  heart  and  bladder  wall 
may  be  due  to  the  intense  congestion,  or  to  a  preceding  violent  heart  action  with 
vascular  contraction  and  increased  blood  pressure.  Direct  action  on  the  heart 
muscle  is  not  unlikely,  because  in  many  of  the  rapidly  fatal  cases  the  drug  un- 
doubtedly obtained  immediate  access  to  the  circulation  either  by  application  to 
raw  surfaces  or  by  urethral  injection  following  attempts  at  catheterization  when 
minute  abrasions  of  the  mucosa  may  have  been  produced,  or  by  subcutaneous 
injection  with  the  entry  of  the  drug  into  a  small  \essel.  The  changes  in  the 
central  nervous  system  may  have  been  brought  about  by  the  preceding  anesthesia. 

The  rapidity  of  action  is  noteworthy.  Many  of  the  accidental  deaths  en- 
countered by  physicians  have  followed  intraurethral  injections  and  usually  there 
has  been  a  history  of  slight  bleeding.  This  would  seem  to  indicate  that  the  in- 
jured mucosa  permitted  the  rapid  absorption  of  comparatively  large  quantities 
of  cocaine,  with  immediate  action  on  the  heart  muscle  and  respiratory  centre. 
When  the  drug  is  slowly  absorbed,  toxic  symptoms  may  ensue  but  usually  with- 
out fatal  result.  It  has  been  noted  by  Sollniann  that  in  the  urethra  of  male  dogs, 
larger  quantities  of  local  anesthetics  are  more  rapidly  absorbed  and  that  the 
rapidity  of  absorption  is  most  rapid  during  the  first  ten  minutes.  In  a  recent 
investigation  on  the  comparative  absorptive  power  for  drugs  of  the  urethra, 
Macht  noted  that  urethra  possesses  greater  absorptive  power  than  the  bladder, 
and  that  the  posterior  urethra  absorbs  more  rapidly  than  the  anterior  urethra. 
He  attributes  this  fact  in  part  to  the  presence  of  glands,  but  in  a  previous  paper, 
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Doctor  Macht  also  shows  thai  rapid  absori^tion  of  cocaine  may  occur  from  such 
a  surface  as  the  \a<:[inal  mucosa  where  no  glands  are  present. 

The  anesthetics  often  suhstituted  for  cocaine  may  also  produce  toxic  symp- 
toms. Thus  Jacobs  reports  two  cases  of  poisoning  from  the  use  of  a]yi)in  in  the 
urethra.  In  each  instance  2  drams  of  a  2  per  cent  solution  was  used  and  slight 
bleeding  was  noted.  In  a  few  minutes  after  the  injection  there  occurred  violent 
convulsions,  cyanosis,  and  weak  pulse,  but  recovery  followed.  Jacobs  concluded 
that  more  rapid  alisorjUion  took  ])l;ice  from  a  traumatized  surface. 

The  variable  quantity  of  cocaine  stated  as  the  cause  of  death  would  seem 
to  indicate  that  some  individuals  are  more  suscej^tible  than  others.  A  method 
to  detect  this  increased  susceptil)ility  would  be  highly  valuable  but  does  not 
appear  possible  at  this  time,  since  the  true  action  of  cocaine  is  not  known 
(Kuroda)  other  than  its  paralyzing"  action  on  sensory  end  organs.  Since  char- 
acteristic symptoms  are  produced  quite  ])romptly,  however,  it  might  not  be  im- 
practical to  make  a  preliminary  injection  of  a  small  dose  and  watch  for  signs  of 
poisoning.  This  may  be  tried  particularly  in  the  urethral  cases  which  in  med- 
ical practice  appear  to  have  produced  the  greatest  number  of  deaths. 

In  the  fatal  cases  death  occurs  so  promptly  that  little  can  be  done  to  counter- 
act the  action  of  the  drug.  It  has  been  suggested  that  alcohol  or  hyoscin  hydro- 
broniid  be  administered  just  prior  to  the  injection  of  cocaine  in  order  to  pre- 
vent symptoms  of  poisoning.  After  symptoms  have  appeared,  rapidly  acting 
cardiac  and  respiratory  stimulants  are  indicated. 

BIBLIOGRAPHY 

iWitthaus  and  Becker:     Medical  Jurisprudence,   1911. 

^Sollman :     The  Comparative  Absorbability  of  Local  Anesthetics   from   the  Urethra,  Jour. 

Phar.  and  Exper.  Therap.,   March,    1918,  p.  159. 
^Macht:      On   the   Absorption   of   Drugs    and    Poisons    Through    the   Vagina,   Jour.    Phar. 

and  Exper.  Therap.,  Jan.,  1918. 
^Macht:     On  the  Absorption  of  Drugs  and  Poisons  from  the  Bladder  and  the  Urethra. 
^Jacobs:     Two  Cases  of  Poisoning  from  Use  of  Alvpin  in  Urethra,  California  State  Jour. 

Med.,  July.   1917,  p.  268. 
^Herzfeld:     Alcohol  in  Prevention  of  Acute  Cocaine  Poisoning,  Zentralbl.   f.   Chir.,   Nov. 

1,  1913. 
''Metzenbaum :      Hvoscin    Hvdrobromid   as    Preventive   to    Cocaine    Poisoning,    Ohio    State 

Med.  Jour.,  Dec,  1911. 
^Engstad  :     Ether:  An  Antidote  of  Cocaine  and  Stovain  Poisoning,  Jour.  Am.  Med.  Assn., 

Mar.   19,   1910,  p.  964. 
^Kuroda:     Jour.   Phar.   and  Exper.   Ther.,   1915,   vii,  p.  423. 
I'^Bose :     Cocaine  Poisoning,  Brit.  Med.  Jour.,  Jan.  4,  1913,  p.  16. 


ACiriK  ADKKXAL  IXSII  !•  K  li-XCV* 

I'.V    \\lI.I,l\M     r.oM).    M.l),    W  \\\W\.(.,    C.\S.\\).\. 

IT  is  now  ()\cr  a  ccnturv  since  Addison  I'lrsl  docrihcd  the  conditiini  to  wliicli 
W\^  naiiir  has  \ivv\\  altathrd,  a  condition  characterized  by  profound  asthenia, 
low  Mood  [)ressure,  f^astroinUstinal  (hsturhance,  and  a  remarkable  pigmentation 
of  the  skin  and  certain  of  the  mucous  memliranes,  ass(jciated  generally  witii 
tuberculous  deslruclion  of  both  adrenal  bodies,  in  the  years  which  have  elapsed 
a  vast  amount  of  work  has  i)een  done  upon' the  physiology  of  the  adrenals,  and 
one  l)rillianl  (lisco\er\-  has  been,  made,  but  it  can  not  truthfully  be  said  that  a 
single  rav  of  light  has  been  shed  on  the  nature  of  the  relationshi])  which  exists 
between  disease  of  the  adrenals  and  the  symptcjui-complex  of  Addison's  dis- 
ease. It  need  cause  no  surprise,  therefore,  that  the  extraordinary  condition  to 
which  the  name  acute  adrenal  insufticieiicy  has  been  given  should  remain  a  com- 
plete mystery,  for  the  function  of  the  adrenals  is  still  largely  unknown. 

Part  of  this  ignorance  is  perhaps  due  to  the  fact  that  too  much  stress  has 
been  laid  on  the  methods  of  the  physiologic  laboratory,  with  the  result  that  the 
possibilities  of  morbid  anatomy  as  an  aid  in  elucidating  these  problems  have 
been  belittled  or  overlooked.  As  one  of  the  leaders  of  physiologic  thought  has 
justly  said:  '"'JMie  world  of  pathologic  phenomena  is  nothing  but  an  endless  series 
of  the  most  dififerent  and  unusual  combinations  of  physical  occurrences  which 
never  make  their  appearances  in  the  normal  course  of  life.  It  is  a  series  of 
physiologic  experiments  which  nature  and  life  institute,  with  such  an  interlmk- 
ing  of  events  as  could  never  enter  into  the  mind  of  the  present-day  physiologist, 
and  which  could  scarcely  be  called  into  existence  by  means  of  the  technical  re- 
sources at  our  command.  Clinical  observation  will  consequently  always  remain 
a  rich  mine  of  ])hysiologic  facts." 

The  dual  nature  of  the  adrenals  is  well  recognized.  As  in  the  case  of  the 
pituitarv  the  gland  consists  of  two  parts  which  are  perfectly  distinct  in  develop- 
ment, in  structure,  and  almost  certainly  in  function.  The  cortex  is  developed 
from  the  mesoderm,  the  medulla,  in  conjunction  with  the  sympathetic  system, 
from  the  neural  ectoderm.  The  cortex  consists  of  columns  of  cells  loaded  with 
a  doubly  refracting  lipoid  material,  an  ester  of  cholesterin.  which  varies  in  amtnint 
in  different  physiologic  and  pathologic  conditions.  The  medulla  is  part  of  the 
system  of  chromophil  tissues,  and  contains  the  substance  adrenahn. 

The  analogy  to  the  ])ituitary  is  worth  noting.  In  the  pituitary  there  is  a 
part — the  i)ars  ])osterior  which  is  composed  of  inert-looking,  nonglandular  ma- 
terial, and  yet  the  extract  pre])ared  from  it  is  one  of  the  most  powerful  physio- 
logic .substances  with  which  we  are  acquainted.  The  glandular  anterior  portion, 
the  extract  of  which  ])roduces  no  remarkable  etfects,  is,  however,  the  part  which 
is  probably  essential  to  life.  In  the  adrenal  the  medulla  produces  an  equally 
active  substance,  and  the  more  glandular  cortex  appears  to  be  correspondingly 
inert,  but  here  again  evidence  is  slowly  accumulating  which  seems  to  indicate 
that  the  apparently  inert  part  is  the  one  vital  to  the  individual. 

*From    the    Department    of    Patliolosry    of    the    University    of    Manitoba. 
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It  is  only  in  (lie  iiiaiiun.il  tlial  ihcsf  widely  ditTeriiii^-  stniclurcs  are  found 
in  the  relation  of  eortex  and  medulla.  In  birds  tlie\-  oeeur  as  intermingling  col- 
unuis,  and  in  elasniohraneli  fishes  they  ari-  entirelx'  dislinel  organs,  the  cortex 
being  represented  hy  an  elongated  interrenal  body  lying  between  the  caudal  ends 
of  the  kidneys,  and  the  medulla  h}'  a  succession  of  ])aired  chromo])hil  bodies.  It 
may  be,  however,  that  the  union  of  the  two  i)arts  in  the  mammal  may  have  for 
its  object  the  functioning  of  the  two  jiarls  as  one  organ.  Of  this  w^e  have  no 
knowledge. 

The  (lisco\ery  by  OH\'er  and  Schafer  that  the  medulla  contains  a  substance 
of  rcmarkal)le  physiologic  acti\ity  which  acts  upon  the  structures  supplied  by  the 
sympathetic  system,  together  with  the  therai)eutic  applications  of  this  discovery, 
has  served  to  focus  attention,  i)erhaps  unduly,  on  this  constituent  of  the  gland, 
with  the  result  that  the  cortex  has  been  largely  neglected. 

At  present  we  know  nothing  of  the  function  of  the  cortex.  It  has  been  sug- 
gested that  it  exercises  a  control  over  sexual  devclo])ment,  as  the  anterior  lobe 
of  the  pituitary  undoubtedly  does.  It  is  true  that  certain  tumors  of  the  cortex 
in  children  are  associated  with  a  remarkable  ]irecocity  in  the  development  of  the 
sexual  organs,  and  that  similar  tumors  in  elderly  women  may  be  accompanied 
by  a  development  of  male  characteristics.  It  is  possible  also  that  the  cortex  may 
be  intimately  associated  with  the  metabolism  of  lipoids,  especially  cholesterin. 
The  fact  remains,  however,  that  we  have  no  real  knowledge  on  the  subject. 

Xor  is  there  even  agreement  as  to  whether  the  cortex  is  essential  to  life. 
Some  element  of  the  gland  certainly  is  necessar}'.  Extirpation  of  one  adrenal 
in  the  animal  produces  no  effect,  but  removal  of  both  adrenals  is  followed  by 
death,  generally  in  from  two  to  four  days.  Attempts  to  remove  the  cortex  alone 
or  the  medulla  alone  have  failed  to  throw  conclusive  light  on  the  subject,  owing 
to  the  technical  difficulties  of  the  operation.  The  general  view  at  present  held 
is  that  it  is  to  the  loss  of  the  adrenalin-producing  substance  that  the  fatal  effect 
of  complete  adrenalectomy  must  be  attributed.  And  yet  removal  by  Biedl  of  the 
interrenal  body,  that  is  the  cortex,  in  cartilaginous  fishes,  in  which  separation  of 
the  two  systems  is  unusually  well  marked,  was  followed  by  asthenia  and  death. 

This  important  question  is  therefore  still  undecided,  and  as  the  methods  of 
experimental  physiology  have  failed  in  this  instance,  it  remains  to  be  seen  wdiether 
morbid  anatomy  can  throw  any  light  on  the  subject. 

The  relationship  of  the  syndrome  of  Addison's  disease  to  disease  of  the 
adrenals  is  well  established,  but  of  the  nature  of  this  relationship  we  have  little 
real  understanding,  nor  can  it  be  said  that  recent  physiologic  research  has  fur- 
thered to  any  appreciable  extent  this  understanding.  It  is  impossible  to  reproduce 
the  symptoms  of  Addison's  disease  in  animals.  The  low  blood  pressure  and  lack 
of  vasomotor  tone  are  no  doubt  due  to  deficiency  in  adrenalin,  but  the  cause  of 
the  muscular  asthenia,  the  pigmentation,  and  the  gastrointestinal  disorder  is  still 
a  matter  for  conjecture. 

Further  complicating  the  problem  is  the  fact  that  cases  of  Addison's  dis- 
ease may  occvn-  with  a])parently  health}'  adrenals.  In  such  cases  there  is  often 
some  degeneration  of  the  chromophil  tissue  in  relation  to  the  abdominal  sym- 
pathetic, and  the  great  symi)athetic  ganglia  may  show  pathologic  changes  of  va- 
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rioiis  Isiiids.  .M(M((i\ri-  iluTc  iiia\  lie  iiiosl  cxtcMisiv c  (Icslruclioii  ot  the  adrenals 
willidut  ,-in\  s\iiiii|(ims  of  AiMi^mi's  disease.  An  cnfjcavor  is  usually  made  to 
I'xpl.iin  away  siuli  annmalics  li\  ])rt'su|)|n)sin}^  the  prrscncc  of  accessory  adrenals, 
lull  il  llic'Ni'  liodies  whirl)  al  hest  are  minute  in  comparison  with  the  adrenal 
itself — are  as  tre(nuiitly  iirc-Ncnt  as  has  heen  claimed,  it  i^  remarkahle  that  they 
do  not  come  to  the  rescue  in  cases  of  tvjiical  Addisrm's  fliscase. 

'I'lu-  onset  of  ihe  syndrome  descrihed  hy  Addison  is  gradual.  Adrenal  in- 
sufficiency, howe\(.r.  may  he  acute  instead  of  chr()nic  in  txpe,  with  a  very  dif- 
fcreiU  resulting  clinical  piclurc.  'idle  condition  i^  named  acute  adrenal  insuffi- 
ciency, hut  that  uuist  not  he  taken  to  iiiiiiK  that  it  hears  any  definite  relation 
to  the  symjitoms  of  Addison's  dix'asc.  1 1  owes  its  name  solely  to  the  fact  that 
the  only  constant  K-sion  found  is  profound  destruction  of  hoth  adrenal  glands.  Of 
such  a  condition  the  following  case  is  a  striking  example. 

The  })aticnt,  a  soldier,  thirty-eight  years  of  age,  was  in  Winnipeg  on  a  few 
days'  leave  of  ahsence.  Up  to  the  time  of  his  leave  he  was  performing  the  more 
or  less  arduous  duties  of  a  military  training  camp.  It  may  therefore  be  assumed 
'that  he  displayed  no  marked  myasthenia  nor  other  grave  symptoms  of  organic 
disease.  Karly  oiu'  morning  he  was  found  in  a  semiconscious  condition  in  his 
room.  A  few  hours  later  he  was  admitted  to  the  Wirmipeg  General  Hospital 
under  the  care  of  Doctor  j.  R.  Davidson.  By  that  time  he  was  sinking  into  a 
state  of  coma.  The  picture  was  one  suggesti\e  of  cerehral  hemorrhage.  The 
limits  were  rigid,  the  reflexes  gone,  and  the  pufiils  distinctly  dilated.  The  face 
and  hands  were  cyanoscd.  The  temperature  was  99"^  F.  Urine  was  drawn  oiT 
and  found  to  be  normal.  Lumbar  puncture  was  done,  but  the  cerebrospinal  fluid 
showed  no  change  and  gave  a  negative  ^\'assermann  reaction.  The  patient  died 
two  and  a  half  hcnn-s  after  admission.  The  clinical  course  was  thus  apoplectiform 
in  type. 

The  autopsy  was  performed  within  two  hours  of  death.  Old  adhesions  were 
present  o\er  tlie  liver,  spleen,  and  mesocolon.  r>oth  pleural  cavities  were  ob- 
literated l)y  old  adhesions.  There  were  fibrous  nodules  at  the  apices  of  both 
lungs,  and  a  tuberculous  ca\it)-  the  size  of  a  hazel  nut  in  the  apex  of  the  right 
lung.  The  heart  and  kidneys  were  normal.  The  meningeal  vessels  were  injected, 
and  the  cerebrospinal  fluid  somewhat  increased  in  amount,  but  the  brain  showed 
absolutelv  no  ahnornialitv.  The  stc)niach  contents  when  examined  later  showed 
no  trace  of  ])ois()n. 

The  only  organs  exhibiting  any  marked  pathologic  change  were  the  adrenals. 
These  were  almost  entirely  destroyed,  and  con\erted  into  structureless,  amor- 
phous, yellowish  masses,  firm  in  texture,  and  considerably  larger  than  the  origi- 
nal glands.  On  the  right  side  no  trace  of  adrenal  tissue,  either  cortex  or  medulla. 
could  be  found.  On  the  left  a  narrow  strip  of  adrenal  not  more  than  2  mm.  in 
width  was  present  at  one  point.  This  consisted  entirel}-  of  cortex,  the  cells  of 
which  contaiiK'd  a  lipoid  substance  which  stained  red  with  Scharlach  R.  but 
which  was  not  anisotropic.  The  remainder  of  the  gland  consisted  of  areas  of 
necrosis  surrounded  by  the  endothelial  and  giant  cells  characteristic  of  tuber- 
culosis. No  trace  of  medullary  substance  remained.  Attached  to  the  caseous 
mass  was  a  small  nodule  which  showed  the  microscopic  structure  of  a  sympa- 
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llielic  i^antiiinii.  Tlir  iicrx  c  cells  and  ril)rrs  of  this  j^aiii^dion,  slaiiu'cl  liy  \aiioii.s 
mctliocls,  showed  no  ahnornialily,  l.ut  tlicre  appeared  to  be  Some  increase  of 
fibrous  tissue. 

This  case  is  wortli}-  of  study  from  \arious  ])oints  of  view.  It  appears  ef- 
fectually to  dispose  of  the  theory  that  the  mt'dulla  of  the  adrenal  is  essential  to 
life.  The  entire  medulla  must  ha\e  been  com])letcly  destroyed  for  a  considerable 
lentjth  of  time,  and  yet  the  jxUient  was  in  sufficient  physical  vif^or  to  engage  in 
the  full  duties  of  a  military  cam]).  H\pertrophy  of  accessory  chromophil  sub- 
stance may  be  invoked,  but  this  does  not  inxalidate  the  statement  as  it  applies  to 
the  adrenal  medulla. 

The  persistence  of  a  small  amount  of  cortical  tissue  on  tlie  left  side  cer- 
tainly suggests  thai  this  is  the  part  of  the  gland  which  is  necessary  for  the  main- 
tenance of  life,  but  that  when  it  is  reduced  to  a  minimum  the  end  may  come  with 
startling  suddenness.  It  would  apjtear  that  under  some  conditions  extensive  de- 
struction of  the  cortex  may  occur  without  the  i)roduction  of  manifest  symptoms, 
owing  to  the  compensatory  action  of  that  which  remains.  When  the  hmit  of 
that  compensation  is  reached,  liowe\er,  the  j^icture  of  acute  adrenal  insufficiency 
makes  its  appearance. 

The  case  must  certainly  be  classed  as  one  of  acute  insufficiency  of  the 
adrenals.  Of  this  condition  four  types  have  been  described,  chiefly  by  French 
authors. 

1.  The  acute  abdominal  form  characterized  by  severe  epigastric  pain,  lum- 
bar tenderness,  vomiting,  and  profound  shock.  The  clinical  picture  closely  i"e- 
sembles  that  of  acute  hemorrhagic  pancreatitis. 

2.  The  cerebral  form  in  wdiich  convulsions  or  the  rapid  onset  of  coma  are 
the  chief  features. 

3.  The  asthenic  form  marked  by  a  rapid  and  profound  asthenia  terminating 
fatally  in  a  few  days. 

4.  A  form  in  wdiich  sudden  death  occurs  without  premonitory  symptoms, 
and  in  which  the  only  lesion  revealed  by  autopsy  is  complete  destruction  of  the 
adrenals. 

In  the  majority  of  the  cases  described  in  the  literature  the  pathologic  find- 
ing has  been  a  sudden  vascular  lesion  of  the  adrenals,  either  in  the  Jiature  of 
a  hemorrhage  destroying  the  glands,  or  a  thrombosis  of  the  adrenal  vessels. 
Thus  Lavenson  describes  a  case  of  the  abdominal  type  in  which  there  was  throm- 
bosis of  both  adrenal  veins  together  with  acute  hemorrhagic  necrosis  of  the 
glands.  It  seems  probable  that  all  of  the  abdominal  type  of  cases  are  of  this 
nature. 

The  cereliral  cases  may  also  be  due  to  an  acute  hemorrhagic  lesion,  as  in 
that  of  Laignel-Lavastine,  where  a  man  of  thirty-six  years,  apparently  in  good 
health,  fell  unconscious  and  died  in  coma  twelve  hours  later.  Arnaud,  how- 
ever, describes  a  case  with  an  almost  identical  clinical  history,  save  that  the 
patient  lived  for  forty-eight  hours,  in  which  there  was  no  recent  lesion,  but  al- 
most complete  replacement  of  the  adrenals  by  old  hcmatomata  and  organizing 
hemorrhagic  foci.    Janowski  and  Stursberg  also  record  cases  of  acute  adrenal  in- 
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sulliririuN  in  winch  the  IcNion  was  of  a  clironic.  prohriljly  a  tuberculous,  nature. 
In  this  rlass  llu'  lutNcnl   case  must  also   in'  iiichulfd. 

'I'o  explain  llie  relation  Ixiwcen  the  patii<)lo,<,Mc  chanf^cs  in  the  adrenals  and 
the  extraordinaix  and  dianiatie  elinical  course  of  the  case  is  beyond  our  powers. 
Such  a  faihnc.  howrxcr,  will  at  least  ser\e  the  useful  purpose  of  recallinjj  to 
our  minds  (he  fact  that  there  aiH-  still  more  thinj^s  to  be  learned  about  the  adrenals 
than  are  contained  in  our  philosophy.  The  detailed  stufly  of  adrenalin  has  led 
many  to  think  that  we  understand  the  function  of  these  bcxlies.  In  reality  we 
are  only  just  be,ninnin<,'^  to  realize  our  ij^fnorance. 

Why  such  a  case  shonld  display  none  of  the  usual  symptoms  of  Addison's 
disease  we  do  not  know.  To  appeal  to  the  coniparati\cl\'  unaltered  abdominal 
sympathetic  or  to  hypothetical  accessory  cortical  adrenals  is  merely  to  hang  a 
dark  cloak  over  our  ignorance.  Nor  do  we  yet  know  the  function  of  the  adrenal 
cortex.  Theories  unsupported  by  sufficient  e\  idence  mislead  by  creating  a  false 
impression  of  knowledge,  and  those  which  attribute  to  the  adrenal  cortex  anti- 
toxic and  internal  secretory  functions  certainly  appear  to  fall  into  that  categor}'. 
We  see  that  it  is  probably  essential  to  life.  Let  us  go  no  further  until  evidence 
has  been  accumulated  which  is  worthy  of  the  name.  Only  thus  can  sure  progress 
be  made,  and  in  such  progress  physiology  and  morbid  anatomy  should  walk  hand 
in  hand. 
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LABORATORY  METHODS 


A  CONVENIENT  DILUTION  CHART  OF  USE  IN  SEROLOGIC  AND 

OTHER  TESTS  IN  WHICH  VARYING  QUANTITIES  OF 

REAGENTS  ARE  EMPLOYED* 

By  Loren  B.  Ta]!i:r,  BerkklEy,  Cal. 


DURING  the  jiresent  international  emergency,  laboratories  are  finding  them- 
selves divested  of  technicians  while  the  volume  of  work  increases.  The 
author  has  been  under  the  necessity  of  training  relatively  unskilled  helpers  pos- 
sessing only  a  high  school  education  into  making  routine  serologic  tests,  and 
has  found  that  although  in  selected  workers  accuracy  of  technic  has  been  ac- 
Cjuired  with  relative  ease,  ability  to  figure  dilution  tables  has  been,  as  a  rule, 
entirel}-  lacking.  The  situation  has  been  complicated  by  the  fact  that  when 
standard  serum  controls  are  made,  one  is  usually  comi^elled  to  use  the  smallest 
possible  cjuantities  in  order  to  conserve  supplies. 

In  a  laboratory  in  which  large  numbers  of  tests  are  made  upon  perhaps  a 
dozen  different  sera  recjuiring  widely  divergent  dilutions,  the  figuring  of  each 
table  by  the  one  in  general  charge  of  the  work  is  unnecessarily  time-consuming. 
In  such  a  contingency  the  accompanying  chart  has  proved  itself  of  decided  value. 

ROUTINE   USE  OF    CHART 

Certain  values  in  routine  tests  are  fixed  and  known  to  the  assistant :  total 
volume  of  serum-saline-antigen  mixture  per  tube  (D)  ;  fractional  volume  of 
serum  mixture  in  one  tube  of  serum-saline-antigen  (E)  ;  volume  of  serum  mix- 
ture in  one  tube  of  serum-saline-antigen  (F).  The  one  who  lays  out  the  work 
merely  fills  in  the  values  for  the  final  dilutions  of  serum  in  the  finished  test, 
and  indicates  the  antigens  to  be  used,  together  with  the  number  of  tubes  of  each 
antigen  to  be  tested  at  each  dilution.  The  assistant  is  then  able  to  calculate 
independently  the  remainder  of  the  values. 

A    SERUM    DILUTION    TABLE    FOR   A    SIMPLE   AGGLUTINATION    TEST 

As  a  practical  example,  let  us  consider  an  agglutination  test  (see  Chart  I) 
in  which  four  dilutions  of  serum  ,1/100,  1/200,  1/400,  and  1/800,  and  twenty 
antigens  are  used.  The  customary  total  volume  of  serum-saline-antigen  in  one 
tube  (D)  mixture  is  1  mil;  the  fractional  volume  of  scnini  mixture  in  one  tube 
of  serum-saline-antigen  (E)  is  1/2;  the  volume  of  serum  mixture  in  one  tube 
of  serum-saline-antigen  (F)  is  therefore  0.5  mil.  The  \alues  are  now  com- 
plete through  F. 

It  is  not  necessary  to  calculate  G  as  this  value  is  not  used  in  the  final 
formulas. 


*From    tlu-   St-rum    Department,    Cutter   Lalioratories,    lierkcley,    C^al. 
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Tlic  l(it;il  \oliiiiH---  Ml"  ihc  -crnni  iiiixtiirc^  at  tlic  different  flilutions  HI) 
arc  foiniil  li\  iiinllipK  in-  llic  nuinher  ol'  tul)es  al  each  dihuion  (C)  \>y  the  Vfjl- 
unie    I'll]-  cacli   lulic    (  I'l.      C      I'        2')     0.5  mil   -^   10  mils. 

I'or  the  \-A>\  (lihitiiiii,  the  tutal  \iihiiiie  iiceilnl  will  l.e  oiil}'  that  mixed  with 
the  antigens  plii^  a  iiiiniimiin  aiiiniint  (  1  mil  )  I'or  the  wetting  of  glassware. 
TluTe   1'^-   0.  and  j         11    mil-      1    mil        10  mil-      1    mil  =  11   mils. 

Tlu'  volume  of  srnnii  needed  \ny  each  dilution  (  K  )  need  be  calculated  only 
for  colnnm  1,  a-  in  the  final   I'ornudas  for  the  following  values  it  does  not  occur. 

The  calculation  ol'  the  amounts  of  serum  <lilution  rmd  of  saline  to  be  mixed 
now  ])rocecds  as  tollows: 

Scnnii  dUullon  11'^'^  1'^'^  L'^"--  1'"—  .1'"^  1.'"-^  pi-^  jn_  j^ri^ 
Ii_  Ii_  Ki. 

Saline. — As  the  chart  indicates,  the  amount  of  saline  to  l)e  used  in  each 
flask  (M)  is  found  by  sim])l\-  subtracting  the  amount  of  the  previous  serum 
mixture  to  be  used   (L)    from  the  total  \-olumc  desired   (J). 


Chart  I 

A  Skrlm  Dii.i-Tiox  Table  roR  a  Simpi.k  Aggh-tixatiox  Test 

(A  convenient  table  of  use  in  making  dilutions  with  minimum  quantities  of  serum) 


A 

Number  of  serum  dilution  flask 

I 

II 

III 

IV 

B 

Final    dilution    of    serum    in     serum-saline-antigen 
mixture 

Moo 

/^OO 

Moo 

Vsoo 

C 

Number  of  test  tubes  at  each  dilution 

20 

20 

20 

20 

D 

Total  volume  in  one  tube  of  serum-saline-antigen 
mixture 

1 

1 

1 

1 

E 

Fractional  volume  of  senini  mixture  in  one  tube  of 
serum-saline-antigen 

14 

\^. 

^i 

l^ 

F 

V'olume  of  serum  mixture  in  one  tube  of  serum 
saline-antigen  =  D  x  E 

.3 

.0 

.5 

.5 

G 

R 
Mils  of  serum  in  one  mil  serum  mixture  =-— - 

E 

" 

~ 

" 

"~ 

H 

Mils  of  serum  dilution  needed  for  C  tubes  =  C  x  F 

10 

10 

10 

10 

I 

Mils  of   serum   dilution    needed   for  next  dilution, 
plus  a  minimum  amount  for  wetting  of  glass- 
ware =  next  whole  number  over  L''^^  or  more 
if  the  worker  desires.   In  the  last  column  1  =  0. 

9. 

.9 

6.0 

0 

J 

Mils  of  serum  dilution  needed,  total  =r:"H  +  I.      In  the 
last  column  J  ^  the  next  whole  number  over 
H,  or  more  if  the  worker  desires. 

19 

19 

16 

11 

K 

Mils  of  serum  needed,  total  =  (CxX  J)  =J^  •  J 

0.38 

" 

— 

~ 

L 

Mils  of  previous  scrum  mixture  needed  — -i    ,-■_,  [ 

fBvj«i  .jir- 1_|B^'    1  „             |e'-m_ 
lE-'      j     U-M      11V-'  1  -^  ^-'  '  ^  U^'    1 

IB"               1  * 

See 
K 

8.5 

8.0 

5.5 

M 

Mils  saline  ^  J  -  L.    In  tbe  first  column  M  ^  J  -  K 

18.62 

8.5 

8.0 

j..-> 

*Wtien  tlie  values  of  E  are  a  constant,  as  is  custoniarv  in  routine  scrum  tests  — p- — cancels  out.     If 
Ba  ■  ^       .  ,  . 

-TT is   made  a   constant   such   as    1/2,    1/3,   1/10,   etc.,   a  further   simplification   results.      We   must   keep   m 

mind  that  the  ratio   „^^_j   must  be  of  such  value  that   when  multiplied   by   T"  the   resulting  quantity  will  be 


measurable  in   the  available  measuring  devices. 
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MORlv    COM  I'l,lCA'l'i;n   DILUTIONS 

The  forci^oinj^  exanii>lc  is  one  of  a  \erv  sini])le  dilulion  in  wliich  it  was 
desired  to  use  an  absolute  minimum  of  serum  while  employing  the  standard 
volumes  of  antigen  and  serum-saline  mixture.  Concerning  the  more  extended 
application  of  llu'  chart,  it  is  apjiarent  that  instead  of  srntin,  an}-  liquid  can  be 
diluted;  instead  of  saline,  any  diluent  can  be  employed;  and  instead  of  anti- 
gen, an  equal  volume  made  up  of  any  number  of  reagents  can  be  substituted, 
one  or  all  of  which  may  ha\e  values  which  may  \  ar)-  within  the  limits  of  the 
ex]H'riment  at  the  will  of  the  operator. 


A  MODIFICATION  OF  THE  WASSERMANN  TEST* 


By  Clarence;  N.  Callary,  Philadelphia,  Pa. 


'"P^HE  Wassermann  test  is  now  recognized  as  one  of  the  most  valuable  labo- 
J-  ratory  aids  that  has  yet  been  brought  into  routine  use.  The  practitioners 
have  long  since  come  to  recognize  in  this  test  a  splendid  method  of  syphilitic 
diagnosis  and  at  the  same  time  have  come  to  regard  its  negative  presence  in 
many  mstances  as  a  sore  disappointment.  It  is  not  uniformly  present  in  all 
cases  of  manifest  syphilis  from  the  clinical-  point  of  view.  Is  this  a  fault  of 
the  technic  or  is  it  due  to  a  temporary  or  permanent  disappearance  in  the 
reaction  in  certain  persons  and  in  certain  phases  of  the  infection,  regardless  of 
the  application  of  specific  medication?  The  answer  as  a  result  of  experiences 
is  that  it  is  due  partly  to  the  first  cause  and  partly  to  the  second.  I  say  this 
because  I  have  been  able  to  add  to  the  column  of  positives  by  utilizing  a  mod- 
ification of  the  classic  Wassermann  test  which  eliminates  those  errors  inher- 
ent in  the  test  itself.  I  maintain  that  Wassermann's  original  method  is  subject 
to  an  error  arising  from  the  presence  in  human  serum  of  a  varying  amount 
of  natural  antisheep  amboceptor  capable  of  being  reactivated  by  guinea  pig 
complement.  While  the  quantitative  relations  of  the  complement  and  antigen 
in  the  Wassermann  reaction  are  important,  they  are  vastly  more  so  in  the  case 
of  the  hemolytic  amboceptor.  Noguchi^  has  pointed  out  very  clearly  the  dan- 
gers of  not  delicately  adjusting  the  quantity  of  amboceptor  used  in  the  reac- 
tion. Morgenroth  and  Sachs'-  have  shown  that  the  relationship  between  com- 
plement and  amboceptor  necessary  for  hemolytic  reaction  is  one  of  inverse 
proportions.  To  state  it  more  clearly,  in  their  owni  words,  "in  the  presence  of 
larger  quantities  of  amboceptor,  smaller  quantities  of  complement  suffice"  and 
vice  versa.  Noguchi,  in  his  work,  has  found  that,  while,  in  the  presence  of  one 
unit  of  amboceptor,  0.1  c.c.  of  guinea  pig's  complement  is  required  to  produce 
hemolysis,  by  using  four,  eight,  and  twenty  units  of  amboceptor,  complete 
hemolysis  is  obtainable  with  one-third,  one-fifth,  and  one-tenth  of   the  0.1   c.c. 


*Fi"om   the    Patliologic   Laboratory,   Garrct.son   Hospital,    I'liilailclpliia,    I'a. 

*Proc.   See.    Exper.   Biol,   and   Med.,   vi,   3,    1909. 

^Morgenrotli  und   Sachs   in   Ehrlich's   Gesammclto,   Arbtiten,   etc.,    licrlin,    1904. 
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coniiilcmciil,  rt'spt'ctivcly.  l^ir  iliis  reason  an  excess  of  anil)oce|»lor  niij^lit  re- 
sull  ill  ii>iiii>Ietc  hemolysis  in  a  le>t,  if  a  small  fraction  of  the  complement  were 
lefl  unlixcd  hy  the  syphilitic  antibody.  Another  result  of  an  excess  of  ambo- 
ceptor would  consist  in  a  partial  dissociation  of  the  complement  from  its  com- 
bination with  the  aiitimn-aiitibody  com])Ound.  As  Xoguchi  [nits  it,  "a  quan- 
tity of  syphilitic  antibody  just  sufficient  to  fix  0.1  c.c.  of  the  complement 
against  two  units  of  the  amboceptor  is  no  longer  efficient  in  holding  back  the 
complement  from  ])artial  liberation  against  the  influence  exerted  by  more  than 
four  units  of  the  amboceptor."  Human  serum  contains  a  certain  quantity,  and 
somelinies  a  large  (|uanlity,  of  amlxjceptor  hemtjlytic  iov  sheej)  red  cells.  From 
these  considerations  it  follows  that  the  serum  from  the  patient  must,  in  each 
case,  be  titrated  in  order  to  determine  the  hemolytic  unit.  For  this  purpose  a 
nuniln'r  of  mixtures  are  made  in  test  tubes,  containing  each  0.1  c.c.  of  serum 
of  patient  (inactivated  at  54  C.  for  15  minutes),  0.2  c.c.  of  a  20  per  cent  com- 
plement (fresh  guinea  pig  serum)  and  increasing  quantities  of  a  5  per  cent  emul- 
sion of  sheep's  red  cells,  thus : 


TlTR.VTION 

TUBE 

SERUM  OP 
PATIENT      . 

20%  COM- 
PLEMENT 

0.857o 

NACI< 

5% 

S.R.C. 

1 

0.1    C.C. 

0.2   C.c. 

0.5  C.c. 

0.2  c.c 

Complete  h 

emolysis 

2 

0.1      " 

0.2     " 

04    " 

0.3    " 

" 

"' 

3 

0.1      " 

0.2    " 

0.3    " 

04    " 

" 

" 

4 

0.1      " 

0.2     " 

0.2    " 

0.5     " 

Partial 

" 

5 

0.1      " 

0.2    " 

0.1     " 
Test 

0.6    " 

No 

u 

TUBE 

sERUJi  or 

ANTIGEN 

207f 

COM- 

0.8= 

i% 

57o 

PATIENT 

PLEMENT 

NACE 

S.R.C. 

6 

0.1  c.c. 

0.1    C.c. 

0.2 

c.c. 

0.5 

c.c. 

0.2  c.c. 

z 

7 

0.1     " 

— 

0.5 

" 

0.2    " 

Serum 

control 

8 

0.2 

c.c. 

0.5 

" 

0.2    " 

Comp. 

" 

9 

— 

0.5 

" 

0.2    " 

Salt 

" 

Controls  sliow  no  hemolysis. 

These  tubes  are  placed  in  water-bath  at  40°  C.  for  one  hour  and  following 
this,  there  are  added  to  the  test  the  required  quantities  of  a  5  per  cent  emulsion 
of  sheep's  red  cells  (2  units")  and  again  place  test  in  water-bath  at  40"  C.  for 
one  hour,  then  make  final  reading.  In  the  given  case  Titration  tube  Xo.  3 
(0.4  c.c.  of  a  5  per  cent  S.R.C.)  represents  one  unit,  and  one  half  or  0.2  c.c. 
of  a  5  per  cent  emulsion  of  sheep's  red  cells,  two  units,  are  the  quantities  to  be 
used  for  the  test  tubes  6  to  9. 

In  ten  per  cent  of  human  serums  in  which  no  amboceptor  is  present  to 
complete  test  add  one  unit  of  amboceptor  (that  has  been  titrated  with  0.2  c.c. 
of  a  20  per  cent  complement  against  0.5  c.c.  of  a  5  per  cent  emulsion  of  sheep's 
red  cells)  and  0.25  c.c.  of  a  5  per  cent  sheep's  red  cells,  thus: 
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EDITORIALS 


The  Influenza  in  Germany 

IT  SEEMS  from  reports  that  have  reached  the  office  of  the  Surgeon  General 
that  epidemic  influenza  became  sufficiently  important  in  Germany  last  July 
to  lead  to  special  conferences  of  prominent  medical  men  at  Berlin  and  at 
Munich.  We  ha\e  no  detailed  information  concerning  the  extent  of  the  prev- 
alence or  the  degree  of  virulence  which  the  epidemic  manifested  in  Germany. 
At  the  present  time  it  seems  that  the  virulent  form  of  the  disease  first  appeared 
in  Germany.  It  is  true  that  a  mild  epidemic  of  influenza  passed  through 
Spain  in  the  early  Spring  of  1918,  then  visited  France  and  probably  extended  into 
Germany ;  but  in  both  Spain  and  France  the  Spring  epidemic  was  mild  resembling 
that  form  of  the  disease  which  we  have  had  in  this  country  more  or  less  for  some 
years,  and  which  acquired  a  rather  wide  diffusion  in  the  year  1916.  The  German 
pathologists  who  attended  the  conferences  at  Berlin  and  Munich  evidently  had  had 
plenty  of  material  under  observation  and  upon  which  they  reported  and  consulted. 
It  was  concluded  at  these  conferences  that  the  pathology  of  the  epidemic  then 
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prrv.-ili'iil  ill  (uTiii.iiiy  was  the  sanu-  as  lliat  of  llic  (•])i(lcinic  of  1889-90.  This  con- 
clusion was  rcaclu'd  al'Ur  the  (MiiiiiarisMn  of  i.tc-c-rvcd  specimen^  from  the  epi- 
demic of  1889-90  wilh  tissues  taken  fie>h  from  the  Injdy.  Obcndorfcr  stated 
that  he  had  made  a  Iarf,a'  nuniher  of  autopsie>  at  Munich  and  reported  the  lesions 
of  the  respirator}-  organs  as  uniform  and  t}i>iial  to  such  an  extent  tliat  he  would 
undertake  to  dictate  a  protocol. 

Tn  the  initial  staj^^e  of  the  disease  the  most  characteristic  findings  are  bean- 
sized  hemorrhages  projecting  into  the  lung  tissue.  This  is  followed  by  a  firmer 
inhlt ration  of  the  parenchxma.  the  nodules  projecting  against  and  raising  the 
pleura.  There  are  many  intermediate  formations  between  the  small  nodules 
and  the  large  hemorrhagic  infiltrations.  There  are  all  possible  gradations  from 
simple  blood  extraxasations  into  the  lung  tissue,  still  containing  air,  to  firm  infarcts 
— the  last  mentioned  consist  cjf  hemorrhages  and  have  a  bluish  black  tinge.  The 
larger  infiltrations  are  wedge-shaped  with  the  base  of  the  wedge  projecting  against 
the  pleura,  thus  indicating  their  relationship  to  the  vascular  system.  The  ex- 
travasation of  red  blood  cells  seems  to  be  due  to  abnormal  permeability  of  the 
walls  of  the  blood  vessels. 

The  second  stage  is  characterized  by  an  exudative  pneumonic  process  com- 
bined with  hemorrhages.  The  picture  varies  considerably.  There  may  be  a 
true  croupous  hepatization  of  lobular,  or  even  lobar,  extent,  both  red  and  grey, 
though  the  tinge  is  usually  brownish  and  not  distinct.  The  surface  is  not  dr}% 
but  is  covered  by  a  slimy,  dirty  coating,  resembling  a  picture  of  Friedlander's 
pneumonia.  The  pneumonic  foci  are  sometimes  flattened  out  at  the  ends  into  yel- 
lowish white  wedge-shaped  structures  corresponding  to  anemic  infarcts  both  in 
form  and  in  color.  These  often  become  the  seat  of  gangrene  or  suppuration,  the 
pleura  being  coinvolved  in  the  process.  In  the  majority  of  cases  there  is  a  catar- 
rhal and  desquamative  infiltration  rather  than  a  fibrinous  exudation.  However,  in 
the  majoritv  of  instances,  especially  in  the  severe  ones,  there  is  marked  sup- 
puration. 

The  bronchi  are  filled  with  pus  even  in  the  first  stage,  the  smaller  branches 
contain  thin  fluid,  though  at  times  firm  exudates  plug  the  lumen  of  the  smaller 
bronchi.  The  efTect  of  this  is  distended  bronchi.  In  some  instances  there  are 
many  minute  abscesses  surrounded  by  hemorrhages.  These  abscesses  often 
become  confluent,  ending  up  in  the  formation  of  large  pus  cavities. 

The  first  lesions  in  the  pleura  consist  of  pinhead  hemorrhages,  and  em- 
pyema may  result.  As  a  rule  only  one  side  is  aftected.  Pericarditis  is  a  natural 
consequence  of  the  inflammation  of  the  pleura.  There  are  no  gross  changes  in 
the  heart  with  the  exception  of  some  thickening  of  the  arteries. 

'iMie  larynx  and  the  upper  third  of  the  trachea  usually  show  no  involve- 
ment, but  the  lower  third  of  the  trachea  is  the  seat  of  an  intense  mucopurulent 
exudation,  which  in  many  cases  assumes  a  fibrinous  character,  with  the  conse- 
quent formation  of  extensive  pseudomembranes  in  the  lower  trachea  and  down 
into  the  l)ronchi.     Sometimes  edema  of  the  epiglottis  is  observed. 

A  rather  characteristic  feature  is  presented  by  the  hyperplastic  condition 
of  the  lymphatic  apparatus  of  the  tongue  and  the  tracheal  ring.     The  thymus 
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is  well  preserved,  the  cervical  ami  axillary,  but  not  the  inguinal  glands,  are 
enlarged.  On  the  whole,  the  ini])ression  of  the  existence  of  a  status  thymo- 
lymphaticus  is  conveyed.  As  young  individuals  are  mainly  affected  these  facts 
may  stand  in  the  relation  of  cause  and  effect.  The  spleen  is  enlarged  and  some- 
times a  septic  spleen  tumor  may  be  found. 

The  liver  is  but  seldom  in\-olved.  and  the  kidneys  show  a  general  hyperemic 
condition.  In  the  brain  and  the  meninges  there  is  a  marked  vasodilatation,  but 
no  meningitis  is  found.  Pinpoint  hemorrhages  are  sometimes  seen  near  the 
base  of  the  brain. 

The  histologic  examination  reveals  the  following  unusual  findings :  In 
the  trachea  there  is  an  intense  exudation  of  fibrin  in  the  deep  layers  of  the 
mucosa,  and  a  progressive  inflammation  of  the  deeper  portions  of  the  tracheal 
walls.  In  the  lymphatic  glands  there  is  an  enormous  vasodilatation  with  hemor- 
rhages, as  well  as  proliferation  of  the  endothelium,  especially  in  the  axillary 
glands. 

The  foci  of  inflammation  in  the  lungs  show  a  leucocytic  infiltration  round 
the  alveoli,  bronchi,  and  the  walls  of  the  small  arteries.  It  does  not  involve 
the  whole  vessels,  which  are  dotted  w4th  isolated  spots  of  infiltration.  There 
are  also  hemorrhages  into  the  heart  valves,  with  a  consequent  displacement  of 
the  fibers  and  damage  to  the  endothelium  with  no  definite  endocarditis,  but  with 
lesions  which  facilitate  the  development  of  a  secondary  mycotic  endocarditis. 
There  are,  therefore,  signs  of  lesions  of  the  walls  of  the  vessels,  which  are 
found  to  be  particularly  marked  in  some  cases  in  the  pulmonary  artery.  An 
advanced  mycotic  arteritis  was  detected  in  these  cases.  Masses  of  streptococci 
were  found. 

Obendorfer  concludes  his  report  with  the  following  statement : 

"The  essence  of  the  whole  pathologic  picture  consists,  therefore,  in  the 
abundance  of  hemorrhages  seen  in  the  mucous  and  serous  membranes,  in  the 
respiratory  tract,  and  in  the  lungs,  w^hich  indicate  a  damaged  condition  of  the 
capillary  vascular  system.  The  abscesses,  save  for  those  originating  in  the 
bronchi,  are  also  of  a  hematogenic  nature.  The  whole  process  seems  to  be 
primarily  a  bacteriemia  localized  in  particular  in  the  pulmonary  blood-vessels. 
Hemorrhages  in  the  lungs  pave  the  way  for  a  secondary  infection,  the  results 
of  which  dominate  the  whole  field  in  the  later  stages.  In  any  case  the  wedge- 
like shape  of  the  pulmonary  foci  indicate  a  vascular  origin  of  the  lesions.  From 
a  purely  anatomical  point  of  view  the  condition  bears  many  points  of  resemblance 
wnth  pneumonic  plague,  though  there  is  no  indication  as  to  an  entry  of  the  virus 
through  definite  lymphatic  channels.  The  primary  bacteriemic  condition  was  not 
found  to  be  due  to  B.  influenza  (Pfeifter),  and  thus  the  invading  virus  remains 
undiscovered." 

It  is  worthy  of  note  that  in  Germany  and  in  this  country  most  of  the 
deaths  due  to  pneumonia  following  influenza  have  been  among  the  most  robust 
and  most  vigorous  men.  This  is  quite  characteristic  of  all  pestilences.  The 
severe,  rapid  infectious  diseases  kill  most  quickly  and  most  surely  the  strongest 
and  most     robust.     This  is  the  case  not  only  in  pandemic  influenza,  but  in  the 
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plriji^iK',  typlioid  t'c\(.T.  typhus  fcxcr,  Miinllpox,  ami  in  ■-liorl,  all  the  acute,  hijjhly 
infectious  diseases.  This  is  explained  hy  the  resistance  put  up  by  the  body  cells 
a«jainst  the  itnading  microorganisms.  A  strong  and  vigorous  man  attacked 
by  one  of  these  diseases  either  makes  a  speedy  and  rather  abru[>t  recovery,  or 
is  likely  to  die.  Xature  overdoes  the  resistance,  kills  the  invading  organisms 
too  rapidly  and  sets  free  such  an  amount  of  poison  that  death  results. 

In  many  of  the  reports  coming  intcj  the  Surgeon  Tk-neral's  Office  it  is  noted 
tliat  the  mortalit)'  is  high  among  the  most  vigorous  men.  Moreover,  this  epi- 
demic differs  materially  from  tiie  ordinary  influenza  in  the  age  incidences  of 
those  who  die.  In  the  ordinary  influenza,  children  and  the  aged  furnish  the 
greatest  number  of  deaths;  while  in  the  pestilential  form  of  the  disease  most 
of  the  deaths  are  among  those  from  twenty  to  forty  years  of  age.  It  has  been 
assumed  by  some  that  the  infectious  diseases,  in  the  long  run,  benefit  the  race 
by  killing  oft'  the  weaklings.  Even  Herbert  Spencer,  the  great  philosopher  of 
modern  science,  taught  this  doctrine;  but  the  epidemiologist  knows  better.  In- 
fection, like  war,  kills  the  young,  vigorous,  robust  adults. 

—V.  C.  I'. 


Notes  on  Influenza 

1.  Pandemic  influenza  is  an  acute  infectious  disease,  of  unknown  causa- 
tion, characterized  by  a  marked  leucopenia  which  removes  the  normal  barriers 
against  infection  and  exposes  the  body  to  invasion  by  whatexer  pathogenic 
organisms  may  gain  access  to  it. 

2.  It  may  cause  death  without  the  aid  of  other  viruses,  but  in  the  majority 
of  instances  its  deleterious  eftects  are  intensified  by  the  presence  and  activity 
of  other  pathogenic  organisms. 

3.  In  its  spread  it  is  not  dependent  upon  the  presence  or  aid  of  other 
viruses.  It  attacks  the  strong  and  vigorous  as  readily  as  it  does  the  infirm.  The 
mortality  caused  by  it  is  higher  among  the  strong  and  vigorovis  than  among 
the  weak  and  sickly. 

4.  The  mortality  accompanying  or  following  it  is  largely  determined  by 
the  presence  and  virulence  of  other  infectious  organisms. 

5.  The  period  of  incubation,  so  far  as  it  can  be  determined,  is  two  days  or 
less  depending,  doubtlessly  upon  the  virulence  and  the  amount  of  the  virus  in- 
troduced into  the  body  and  the  readiness  with  which  the  natural  resistance  of 
the  body  is  broken  down  and  the  degree  of  defenselessness,  indicated  by  the 
leucopenia,  established. 

6.  The  pathogenic  organisms  which  most  frequently  take  advantage  of 
the  defenseless  state  of  the  body  induced  by  the  influenza  virus  are  those  which 
are  capable  of  growth  and  multiplication  in  the  pulmonary  tissue,  such  as  the 
different  types  of  pneumococcus,  streptococcus,  Friedlander's  organisms,  and 
possibly  some  varieties  of  staphylococcus  and  the  Pfeiff'er  bacillus. 

7.  Punctures  made  from  the  lungs  during  life  and  during  the  active  stage 
of  the  pneumonia  may  show  any  of  the  above-mentioned  organisms,  either  in 
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])ure  culture  or  in  mixed   form.     'I'he  ([uestion   arises  as  to  liow   fai'  these  or- 
ganisms may  be  due  to  terminal  infection. 

8.  The  pathologic  condition  found  in  the  lungs  after  death  from  ])neu- 
nionia   following  influenza,   is  determined   l)y   the   invading  organisms. 

9.  Influenza  is  not  transmitted  through  the  air  for  long  distances,  nor  is 
it  due  to  weather,  nor  to  meteorological  conditions.  It  is  transferred  from  man 
to  man  either  directly  or  indirectly;  either  by  direct  contact  or  indirect  contact. 

10.  In  the  epidemic  of  1889-90.  fifteen  hundred  deaths  in  New  York  City 
were  attributed  to  influenza.  This  does  not  mean  that  the  influenza  \irus  alone 
and  unaided  caused  this  number  of  deaths,  but  is  does  mean  that  during  the 
period  of  the  epidemic  the  normal  deaths  were  increased  by  this  number.  In 
Massachusetts,  Abbott  says  in  speaking  of  that  epidemic,  that  39  per  cent  of 
the  population  were  afi^ected.  It  was  less  prevalent  in  Southern  than  in  North- 
ern cities.  It  was  not  only  less  prevalent  in  the  South,  but  less  fatal.  In  Massa- 
chusetts the  disease  appeared  earlier  and  was  more  fatal  in  the  more  intensely 
populated  areas  of  that  state.  The  ratio  of  deaths  to  the  population  of  the  state 
at  large  was  about  12  per  ten  thousand;  to  those  attacked  it  was  31  per  ten 
thousand.  The  epidemic  of  1889-90  was  the  most  fatal  scourge  that  had  visited 
Massachusetts  up  to  that  time.  It  lasted  about  fifty  days  and  increased  the 
mortality  in  that  state  by  about  tw-enty-five  hundred. 

11.  Speaking  of  the  epidemic  of  1889-90,  Abbott,  Secretary  of  the  Mas- 
sachusetts State  Board  of  Health,  (See  Twenty-first  Annual  Report  of  the 
State  Board  of  Health  of  Massachusetts)  formulated  the  following  conclusions: 

"1.  The  first  appearance  of  the  influenza  in  Massachusetts  as  an  epidemic, 
in  the  past  season,  may  be  stated  to  have  been  on  the  19th  or  20th  of  December, 
1889,  and  the  place  of  its  first  appearance  was  Boston  and  its  immediate  neigh- 
borhood. 

"2.  It  increased  rapidly  in  the  number  of  persons  attacked,  and  reached  its 
crisis  generally  throughout  the  state  in  the  week  ending  January  11,  1890,  after 
which  date  it  gradually  declined  in  severity,  and  had  nearly  ceased  as  an  epi- 
demic by  the  10th  of  February;  so  that  the  duration  of  the  epidemic  was  about 
seven  weeks.  It  reached  its  crisis  earlier  by  several  days  in  Boston  than  in  the 
smaller  cities  and  the  remoter  parts  of  the  state.  Its  course  was  still  later  in 
Nantucket,   Dukes  and  Barnstable  counties. 

"3.  The  ratio  of  the  population  attacked  was  about  40  per  cent. — or  more 
exactly,  as  indicated  by  the  returns,  39  per  cent, — or  about  850.000  persons  of 
all  ages. 

"4.  People  of  all  ages  were  attacked,  but  the  ratio  of  adults  was  greatest; 
of  old  people  next,  and  of  children  and  infants  least. 

"5.  The  weight  of  testimony  appears  to  favor  the  statement  that  persons 
of  the  male  sex  were  attacked  in  greater  number  and  with  greater  severity  than 
females. 

"6.  The  average  duration  of  the  attack  (acute  stage)  was  from  three  to 
five  days. 

"7.  The   predominant   symptoms   were  mainly   of   three   general   groups, — 
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ncrxous,  catarrhal  atifl  c-ntcric,  the  last  being  much  less  common  than  the  oth- 
ers; the  special  symploin^  most  ohserverl  in  the  nervous  group  heinjc  extreme 
(lei)ression,  pain  and  weakness;  in  llu'  catarrhal  group,  cough,  dyspnea  and 
coryza  ;  and  in  llu-  enteric  group,  nausea,  vomiting  and  diarrhea. 

"8.  The  chief  diseases  wliicli  followed  in  the  train  of  influenza,  and  were 
intimately  associated  with  it,  were  hronchitis  and  pneumonia.  Phthisis,  when 
already  existing  in  ilie  \ictini  of  the  attack,  was  undoubtedly  aggravated;  and, 
in  many  cases,  a  fatal  termination  was  hastened. 

"*'.  Tlie  ratio  of  per.sons  attacked  in  industrial  and  other  establishments 
emphn  ing  large  numbers  was  about  35.5  per  cent,  or  less  than  that  of  the 
p>opulation  at  large.  That  of  the  inmates  of  ])ublic  institutions  was  still  less, 
— 29  per  cent. 

"10.  The  ratio  of  persons  who  were  obliged  to  leave  their  work  on  ac- 
count of  illness  from  influenza  was  about  27  per  cent  of  the  whole  number 
employed. 

"11.  The  average  length  of  their  absence   from  work  was  five  days. 

"12.  Special  occupations  do  not  appear  to  have  had  a  marked  eflfect  in 
modifying  the  severity  of  the  epidemic  upon  operatives  in  such  occupations. 

"13.  Vari(nis  theories  have  been  advanced  relative  to  the  method  of  propa- 
gation or  spread  of  influenza." 

Dr.  Abbott  concluded,  after  considering  the  various  theories  concerning 
the  spread  of  the  disease,  that  it  does  not  travel  faster  than  the  modern  modes 
of  locomotion  can  explain.  The  conclusion,  therefore,  is  that  human  inter- 
course is  the  all  important  factor  in  the  transmission  of  this  disease. 

12.  Lord  {Journal  Medical  Research,  14,  295)  found  Pfeiflfer's  bacillus 
in  pure  culture  in  25  per  cent,  and  mixed  with,  other  organisms  in  59  per  cent 
of  186  cases  in  an  interepidemic  period ;  while  he  found  it  in  pure  culture  in 
15  per  cent  and  with  other  organisms  in  35  per  cent  of  20  cases  during  an 
epidemic.  This  epidemic  prevailed  in  Boston  from  the  last  week  in  November, 
1907,  to  the  middle  of  January,  1908.  "It  appears  to  be  certain  for  New 
England  at  least,  that  a  larger  proportion  of  the  population  was  attacked  than 
in  any  previous  outbreak  of  acute  respiratory  infection  since  1889-92." 

13.  In  191().  influenza  seems  to  ha\"e  increased.  In  the  vital  statistics  report 
for  that  }"ear  this  disease  is  accredited  with  18,88()  deaths.  However,  it  is 
uncertain  how  many  of  these  deaths  were  due  to  some  form  of  pneumonia. 
In  the  annual  report  of  the  Department  of  Health  of  the  State  of  New  York 
for   1910.   there  ap])ears  the    following  statement: 

"Notwithstanding  the  epidemic  of  influenza  and  infectious  colds  that 
visited  the  city  the  early  part  of  the  year,  and  the  epidemic  of  anterior  polio- 
myelitis that  visited  the  city  during  the  summer,  the  death  rate  was  the  lowest 
on  record." 

14.  Park  {Xew  York  Medical  Journal  October  12.  1918)  has  found  the 
influenza  bacillus  in  "almost  every  case  of  clear-cut  infectious  influenza.  In 
the  complicating  pneumonia  we  have  found  them  associated  with  either  strepto- 
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COCCUS  or  liiieumococcus.     In  one  c.'ise  broiicliopncumonia   was  due  entirely  to 
the  influenza  bacillus."' 

15.  Synimers  (Thid)  calls  attention  to  the  fact  that  the  disease  kills  the 
robust  as  well  as  the  weak.  He  states  that  the  disease  liegins  in  the  lower  lobes. 
"The  sequence  of  events  is  that  the  infective  organisms,  acting  first  and  partic- 
ularly simultaneously  upon  the  lower  lobes  of  both  lungs,  cause  a  rapidly  con- 
fluent variety  of  lobular  exudatixe  pneumonia  attended  by  changes  in  the  vas- 
cular structures  niarked  b\'  the  escape  into  the  alveoli  of  variable  numbers  of 
red  cells  and  quantities  of  blood  serum,  either  indei)endently  of  one  another 
or  in  combination."  He  states  that  no  fibrin  is  found  in  the  alveoli,  that  the 
lower  lobes  have  a  slate-blue  color,  that  they  are  almost  completely  consoli- 
dated, the  edges  escaping  consolidation,  but  undergoing  corresponding  emphy- 
sematous changes. 

16.  Berg  and  Bullowa  (Ibid.)  give  the  symptomatolog}%  but  do  not  men- 
tion cyanosis  or  epistaxis,  which  have  been  so  frequently  observed  by  others. 

—V.  C.  V. 


Ravages  of  the  Influenza  Epidemic 

THE  Bureau  of  the  Census,  Department  of  Commerce  at  Washington  re- 
ports that  influenza  deaths  in  America  greatly  outnumbered  the  war's 
casualties  among  American  troops. 

"The  influenza  epidemic  has  thus  far  taken  a  much  hea\ier  toll  of  Ameri- 
can life  than  has  the  Great  \\'ar.  The  total  loss  of  life  throughout  the  country 
is  not  known,  but  the  Bureau  of  the  Census  has  been  publishing,  for  46  large 
cities  having  a  combined  population  estimated  at  23,000,000,  weekly  reports 
showing  the  mortality  from  influenza  and  pneumonia.  These  reports,  which 
cover  the  period  from  September  8  to  November  9,  inclusive,  show  a  total  of 
82,306  deaths  from  these  causes.  It  is  estimated  that  during  a  similar  period 
of  time  the  normal  number  of  deaths  due  to  influenza  and  pneumonia  in  the 
same  cities  would  be  about  4,000,  leaving  approximately  78,000  as  the  number 
properly  chargeable  to  the  epidemic. 

"The  total  casualties  in  the  American  Expeditionary  Forces  have  recently 
been  unofficially  estimated  at  100,000.  On  the  basis  of  the  number  thus  far 
reported,  it  may  be  assumed  that  the  deaths  from  all  causes,  including  disease 
and  accidents,  are  probably  less  than  45  per  cent  and  may  not  be  more  than 
40  per  cent  of  the  total  casualties.  On  this  assumption,  the  loss  of  life  in  the 
American  Expeditionary  Forces  to  date  is  about  40,000  or  45,000. 

"Thus,  in  46  American  cities  having  a  combined  population  of  only  a  lit- 
tle more  than  one-fifth  the  total  for  the  country,  the  mortality  resulting  from 
the  influenza  epidemic  during  the  nine-weeks'  period  ended  November  9  was 
nearly  double  that  in  the  American  Expeditionary  Forces  from  the  time  the 
first  contingent  landed  in  France  until  the  cessation  of  hostilities. 

"For  the  46  cities  taken  as  a  group,  the  epidemic  reached  its  height  during 
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tlu-  Iwii  weeks  c-ndcil  (  )tt(il.i'i-  Zii.  iov  wliitli  ixTJod  40, 7s2  dc'illis  uctl-  rci>f>rted 
l'',*'.vS  for  ihc  week  ended  neiolKT  l*-*  and  20,S44  iov  the  f«jllowinj^  week. 
Since  (  )etiilier  2(>,  linwcxer,  the  ileeline  lias  \n-vu  prDiifninced.  During  the  week 
t'nded  Xoxemlier  2,  14,S57  deaths  oceuncd,  and  durinj,^  the  following  week  only 
7,7^)><.  Thi-  i»nl\  eily  in  whieli  the  nuniher  of  deaths  repfjrled  for  the  week 
ended  Xoxemljer  9  exceeded  the  nuniher  occurring  during  the  ]>re\ious  week 
was  J^pokane.  \\  ashington. 

"In  general,  the  epidi'mic  traxei-scd  tlu-  rouiUry  from  east  to  west.  In  a 
nuniher  of  eastern  cities — notai^ly  Boston,  where  the  greatest  mortality  occurred 
during  the  week  ended  Dctoher  5— the  largest  numbers  of  deaths  were  re- 
ixirted  for  earlier  j.eriods  than  that  which  covered  the  height  of  the  epidemic 
for  the  4()  cities  taken  as  a  group.  On  the  other  hand,  in  Xew  Haven,  Xew 
York.  Pittsburgh,  and  Rochester  the  maximum  mortality  occurred  somewhat 
later  than  in  eastern  cities  generally.  In  Baltimore,  Buffalo,  and  Philadelphia 
the  two-weeks'  period  ended  October  2()  showed  the  greatest  number  of  deaths. 
For  the  entire  nine-weeks'  period,  the  greatest  mortality  due  to  the  epidemic,  in 
proportion  to  population — 7.4  per  one  thousand— occurred  in  Philadelphia ;  and 
the  next  greatest — 6.7  per  one  thousand — was  reported  for  Baltimore." 


The  Pneumonias 


'ITJT'HILE  our  knowledge  of  acute  inflammation  of  the  lungs,  known  as  pneu- 
monia, is  still  meager  and  wholly  lacking  in  many  particulars,  we  are 
justified  in  at  least  tentatively  and  timidly  making  some  suggestions.  During 
the  Spanish-American  war  we  recognized  typhoid  fever  and  included  all  of  a 
certain  group  of  diseases  under  this  designation.  We  now  distinguish  between 
t\i)hoid  and  the  paratyphoids,  and  of  the  latter  we  know  that  there  are  at 
least  two.  We  di>tinguish  between  the  bacilli  causing  the  typhoidal  diseases 
and  we  know  that  a  vaccine  which  i)rotects  against  typhoid  does  not  protect 
against  paratyphoid,  and  vice  \ersa.  The  facts  seem  to  justify  us  now  in  using 
the  word  ])neum()nia  in  the  plural,  and  in  speaking  of  the  pneumonias.  Of 
the  pneumococcus  there  are  at  least  four  types,  and  possibly  manv  more.  Then 
there  seems  no  doubt  that  the  streptococcus  does  cause  both  lobar  and  broncho- 
])neumonia.  How  many  types  of  this  organism  are  capable  of  causing  pneu- 
monia we  do  not  know.  There  are  cases  of  ]>neumonia  in  which  Friedlander's 
bacillus  is  found  in  pure  culture,  and  some  pathologists  are  quite  sure  that  this 
organism  mduces  characteristic  lesions  which  distinguish  pneumonia  due  to 
this  bacillus  from  the  pneumonias  due  to  other  bacteria.  During  the  prevailing 
influenza  pneumonia  skilled  observers  have  obtained  pure  cultures  of  Pfeiffer's 
bacillus  from  the  lungs  l)y  puncture  during  life.  In  the  present  state  of  our 
knowledge  we  ma\-  say  that  |)neumonia  may  result  ivom  the  growth  in  the 
lungs  of  the  following  bacteria  : 

(1)    The  pneumococcus  of  which  there  are  at  least  four  known  types. 
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(2)  The  strejitococcus  of  which  there  are  many  types,  the  hemolyticus 
apparently  being  tlie  most  virulent, 

(3)  The  FriecUander  organism. 

(4)  The  PfeilYer  bacillus. 

There  is  some  evidence  that  a  staphylococcus  may  cause  pneumonia. 
Then,  we  must  add  the  more  si)ecitic  pneumonia  caused  by  the  plague  bacillus 
and  which  is  believed  to  cause  100  per  cent  mortality. 

We  are  beginning  to  realize  that  any  bacterium  which  is  capable  of  growth 
and  multiplication  in  li\ing  lung  tissue  may  be  the  cause  of  pneumonia.  When 
such  an  organism  multiplies  in  pulmonary  tissue  and  sensitizes  the  body  cells^ 
the  body  cells  begin  to  destroy  the  involving  bacterial  cells  and  the  result 
of  this  change  is  the  liberation  of  the  protein  poison  with  local  inflammation 
and  systemic  poisoning.  The  poison  set  free  is  the  same  whatever  the  name 
or  character  of  the  invading  bacterium  may  be. 

If  this  conclusion  be  true,  to  what  extent  and  from  what  cause  may  we 
reasonably  expect  the  lesions  to  vai-y  with  variations  in  the  kind  of  bacterial 
growth  in  the  lung?  This  is  an  important  question,  and  the  following  tentative 
explanation  is  oft'ered.  Each  bacterium  has  its  predilective  tissue  upon  which 
it  feeds.  No  living  thing  can  grow  and  multiply  without  access  to  food,  and 
nothing  is  food  to  a  given  organism  unless  it  furnishes  elements  which  can  be 
prepared,  absorbed  and  assimilated  by  the  cells  of  that  organism.  As  a  result 
of  this  fundamental  and  basic  biological  fact  we  may  expect  that  the  widely 
chfferent  complex  tissues  of  the  lung  will  vary  in  their  suitability  as  food  supply- 
to  the  widely  diflierent  invading  cells.  When  we  recall  that  Pasteur  showed 
that  certain  bacteria  act  upon  one  form  of  tartaric  acid  and  are  wholly  without 
action  upon  another,  the  two  differing  only  in  the  relative  arrangement  of 
their  atoms,  we  gain  some  adequate  comprehension  of  the  essential  relation- 
ship between  food  and  consumer,  betw^een  nutritive  medium  (whether  it  be  nat- 
ural and  a  constituent  of  the  living  body  or  artificial  and  in  the  test  tube)  — 
and  the  organism  which  it  supports.  Whether  the  pneumococcus,  the  strepto- 
coccus, the  Pfeifi:er  bacillus  and  other  organisms,  each  selects  some  histologic 
element  in  the  lung  tissue  upon  which  it  feeds,  in  which  it  multiplies  and  in. 
which  it  is  broken  up  by  the  sensitized  body  cells,  we  do  not  know\  The  solu- 
tion of  this  question  should  be  one  of  the  problems  constantly  held  in  mind  by 
those  who  are  now  studying  the  pathology  of  pneumonia.  Since  in  most 
cases  the  infection  is  a  mixed  one,  this  problem  will  not  be  easy  of  solution. 
At  present  it  is  certainly  difficult  to  name  the  infecting  agent  from  a  study  of_ 
the  lung  tissue  after  death.  Still  there  are  some  suggestive  findings.  It  is  well 
known  that  the  Pfeiffer  bacillus  will  not  grow  on  artificial  culture  media  tmless 
hemoglobin  be  present  and  the  fact  that  hemorrhages  into  the  lung  tissue  and 
in  other  parts  of  the  body  are  more  common  in  influenza  pneumonia  than  in 
other  pneumonias  may  have  some  meaning.  The  fact  that  typical  lobar  pneu- 
monia is  most  commonly  associated  with  some  type  of  the  pneumococcus  and 
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tli.'il  the  slrc])tncf)i;ous  iv  oftrn  ])ri-'-rn(   in  hroiich'tpncumoni.-i  may  have  a  signi- 
iKaiuf  111)1  liitluTtii  ;iltaclu'(l  lo  ilicin. 

'I'lu'  ]>uri>i)>c'  of  this  w  ritinj^r  is  to  make  tlu-  claim  thai  s(,  far  as  the  hactcrio- 
logic  factor  is  conccnud  there  are  many  species  of  bacteria  which  may  cause 
pneumonia,  and   in   this  sense  there  art'  many  pneumonias. 

— F.  C.  V. 


Willi   ]]('   Should  Join  the  Red  Cross 

Hi  )\\  American  Red  Cross  ph}'sicians  engaj(ed  in  reHef  work  in  Jerusalem 
are  accomj)lishing-  worth-while  results  in  the  face  of  _i(reat  difficulties — 
and  what  they  are  uj)  ac^ainst,  is  shown  in  a  report  just  receixed  here  from 
W.  S.  Dodd,  A.R.C.,  physician  working  at  Mejdel. 

With  two  ca])ahle  English  trained  nurses,  and  three  native  helpers,  more 
or  less  useful.  Dr.  Dodd,  his  "hospital"  housed  under  tents,  performed  252 
operations  in  se\"en  weeks,  besides  giving  medical  examinations,  treatment  and 
counsel  to  hundreds  of  the  destitute  inhabitants  and  refugees. 

His  report  sa>'s  in  part :  "The  work  of  the  hospital  was  of  the  t)lainest 
sort,  it  might  be  called  primitixe.  About  twenty-five  tents  comprised  the  hos- 
pital proper,  with  a  dispensary  tent,  and  tents  for  the  living  quarters  of  the  staft. 

"The  soil  was  all  the  purest  sea-sand  with  thistles  and  scant  grass;  going 
barefoot  was  the  uni\ersal  custom,  and  in  our  own  quarters  we  of  the  staff 
used  to  follow  that  custom  with  great  pleasure.     *  *  *  * 

"The  professional  side  f)f  the  work  was  of  the  greatest  interest  to  me  and 
every  da\-  was  a  pleasure.  The  clinics  numbered  sixty  to  a  hundred  a  day. 
Of  course,  we  had  all  classes  of  cases  in  medicine  and  general  surgery,  but  by 
far  the  larger  pro])ortion  of  our  patients  were  eye-cases. 

"Of  the  252  operations  that  I  did  in  less  than  seven  weeks.  222  were  f<^r 
the  eyes.  This  is  the  number  of  persons  operated  on,  most  of  them  having 
more  than  one  operation,  perhaps  on  all  four  lids,  so  that  I  really  operated 
on  408  eyes. 

"There  were  some  cataracts,  not  more  than  would  be  seen  in  the  same 
numlier  of  cases  elsewhere,  but  trachoma  and  its  consequences  accounts  for 
almost  all  of  the  eye  troubles  in  this  land.  I  set  out  to  treat  these  cases  radically 
and  secured  fine  results  when  I  could  keep  the  patients  long  enough  for  a  rea- 
sonable after-treatment.  Rut  even  so,  the  number  of  eyes  that  can  be  saved 
from  partial  and  total  blindness  is  large  and  the  economic  value  of  each  eye 
thus  saved  is  enough  to  make  the  prosecution  of  this  line  of  work  of  the  great- 
est importance  for  the  redemption  of  the  land. 

"The  accident  cases  are  always  interesting.  1  had  the  last  end  of  treatment 
of  some  cases  of  bombed  hands,  of  which  there  had  been  quite  a  number  in 
the  earlier  days.  These  were  largely  in  children,  and  were  due  to  their  picking 
up  unexploded  Turkish  bombs  that  were  lying  in  the  fields  from  the  time  of 
the  British  advance  in  the  Gaza  region.  I\Iany  fingers  and  even  hands  were 
lost  from  this  cause. 
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"Vermin  was  the  great  eneiiiv  we  had  to  hght.  Fleas  were  hardly  counted 
as  a  problem  because  we  could  do  nothing  against  them,  they  were  everywhere 
and  inevitable,  and  so  far  as  we  know  at  present  not  being  the  carriers  of  any 
special  disease,  did  not  come  w  itliin  the  hostility  of  a  medical  conscience. 

"Lice  and  maggots  were  a  d^iily  terror.  How  many  wounds  and  injuries 
came  to  us  filled  with  maggots  I  can  not  tell.  A  favorite  dressing  for  a  wound 
is  a  piece  of  raw  meat,  a  breeding  place  for  maggots,  and  they  can  hardly  be 
blamed   for  invading  the  adjoining  premises. 

"Many  a  child  had  to  be  put  under  chloroform  in  order  to  search  out  and 
pull  from  their  hiding  places  deep  in  the  middle  ear  a  half  dozen  wriggling 
maggots  whose  every  motion  was  causing  torture  to  the  innocent  victim. 

"A  woman  came  to  the  clinic  complaining  of  headache.  A  single  sore  on 
her  face  led  to  questioning,  and  when  she  rather  unwillingly  undid  her  turban 
we  found  an  exaggerated  case  of  impetigo,  and  every  separate  sore  was  as 
if  the  whole  thickness  of  the  scalp  down  to  the  bone  had  been  punched  out,  and 
every  sore  was  a  nest  of  maggots.  I  removed  60  at  the  first  seance,  and  at 
the  first  dressing  next  day  the  nurse  had  more  to  do.  The  headache  was  cured 
without  further  treatment.  And  these  are  not  the  most  loathsome  cases  that 
we  saw. 

"Another  great  difficulty  with  which  we  had  to  contend  was  the  filthy 
habits  of  the  people.  In  spite  of  providing  proper  sanitar}-  facilities,  we  were 
compelled  to  have  a  scavenger  go  around  every  morning  and  clean  up  the  filth 
from  around  the  tents  of  the  patients.  The  women  were  as  bad  offenders 
as  the  men.  We  made  it  a  rule  that  anyone  known  to  have  violated  these  sim- 
ple sanitary  regulations  must  go  w-ithout  their  dinner  next  day,  and  this  was. 
quite  an  effective  punishment." 
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WAR  DEAFNESS   AND   ITS   PREVENTION— REPORT  OF  THE  LABV 

RINTHS  OF  THE  ANIMALS  USED   IN  TESTING  OF  PREVENTIVE 

MEASURES/^    (MIDDLE  EARS  PREVIOUSLY  REPORTED)  t 


By  St.-kcy  R.  Guii.d,  Ann  Arbor,  Mich. 


METHODS 

A  FULL,  description  of  tlie  procedure  by  which  each  animal  was  handled  at 
the  time  of  exposure  to  the  detonations  was  given  in  the  report  of  the 
middle  ear  conditions;  reference  may  be  made  to  it  for  that  part  of  the  technic. 
In  that  report  the  protective  measures  tested  were  also  listed  and  described. 
As  stated  there  the  animals  were  killed  about  48  hours  after  exposure  to  the 
detonations.  The  treatment  of  the  tissues  at  the  time  of  killing  the  animals 
was  directed  primaril}-  to  the  securing  of  the  best  possible  cochlear  fixation. 
The  method  used  was  the  one  with  which  I  had  had  the  best  results  in  a  series 
of  experiments  on  cochlear  histologic  technic,  conducted  as  a  preliminaiy  to 
objective  work  on  the  phvsiolog}'  of  hearing  which  the  war  has  postponed  in- 
definitel}',  but  which  I  hope  at  some  future  time  to  carry  out.  The  fixation 
fluid  used  was  Zenker-formol  in  the  proportions  suggested  by  ^laximow  (1909), 
as  a  modification  of  Helly's  fluid,  for  other  work.  A  stock  solution  is  made  in 
the  following  proportions  : 

Mercuric  bichloride,  50  gm. 

Potassium   dichromate,  25  gm. 

Sodium  sulphate,  10  gm. 

Di.^tilled  water.  1000  c.c. 


*Sul)inilted   tu   the   National   Research   Council. 

From   the   Department   of   Anatomy,    University   of    ifichigan    Medical    School.    .Ann    .\rbor,    Michigan. 

tThree  previous  reports  have  been  made;  the  first  was  published  in  this  Tovrnal.  September, 
1917;  the  second.  January.  191S:  and  the  third.  March.  1918.  The  second  report  is  the  one  cont.iiniuir  the 
account    of    the    middle    ears    the    labyrinths    of   which    are    here   reported. 
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This  Avas  fillcred  carefully  U>  exclude  any  particles  which  niij^dit  hlock 
small  vessels,  lust  before  using  there  was  added  to  this  stock  solution  10  per 
cent  by  volun-ie  of  10  per  cent  formalin ;  the  glacial  acetic  acid  of  the  regular 
Zenker's  h'uid  was  not  added.  Both  solutions  were  kept  in  an  oven  at  39'-'  C. 
until  the  time  of  mixing  for  use.  The  hxativc  was  injected  through  the  vascular 
system,  following  a  thorough  washing  out  with  a  0.75  per  cent  solution  of 
sodium  chloride,  also  kept  at  3.9°  C.  until  placed  in  the  flask  for  injection.  This 
preliminary  washing  out  is  essential  for  the  securing  of  good  penetration  of  the 
hxatue. 

The  routine  procedure  was  to  place  the  animal  under  chloroform  anes- 
thesia ;  then  to  open  the  thorax  and  pericardial  sac  and  insert  the  cannula  of 
the  injecting  apparatus  in  the  systemic  aorta  through  the  wall  of  the  left  ven- 
tricle, the  ligature  being  placed  by  passing  the  thread  through  the  transverse 
sinus  of  the  pericardium,  thus  including  the  pulmonary  aorta.  This  can  be  done 
very  rapidly  after  a  few  trials  and  I  was  able  regularly  to  have  the  saline  solu- 
tion running  soon  enough  to  avoid  any  clotting  of  blood  in  the  cochlear  vessels. 
The  vessels  to  the  caudal  half  of  the  body  were  routinely  clamped  ofif  by  a  hemo- 
stat  placed  so  as  to  include  both  aorta  and  inferior  vena  cava  just  above  the 
diaphragm.  This  reduced  the  amount  of  fluid  necessary  for  satisfactory  injec- 
tion of  the  cochlear  region.  The  injection  was  made  with  air  pressure  averag- 
ing 145  mm.  of  mercury.  About  150  c.c.  of  warm  saline  solution  were  used 
in  washing  out  the  blood  and  this  was  followed  immediately  by  200  c.c.  of  the 
warm  fixative  described  above.  Only  a  small  portion  of  this  reaches  the  coch- 
leae, of  course,  since  all  the  blood  vessels  of  the  upper  half  of  the  body  are  in- 
jected. The  cochleae  and  some  of  the  surrounding  bone,  including  most  of  the 
vestibular  parts,  were  then  removed  and  the  two  pieces  placed  in  50  c.c.  of 
warm  fixing  fluid  and  left  at  room  temperature.  These  remained  in  the  fix- 
ing fluid  from  a  week  to  ten  days,  the  fluid  being  changed  two  or  three  times, 
because  a  precipitate  forms  slowly  after  mixing  the  formalin  with  the  Zenker 
stock  solution.  They  were  then  washed  for  24  hours  in  running  tap  water  and 
placed  in  10  per  cent  alcohol ;  and  were  transferred  from  this  to  80  per  cent 
alcohol  by  10  per  cent  changes  at  24  hour  intervals.  They  w^ere  then  placed  in 
80  per  cent  alcohol  to  which  had  been  added  a  sufficient  amount  of  a  saturated 
solution  of  iodine  in  absolute  alcohol  to  make  the  mixture  a  cherry  red  color. 
In  this  they  remained  until  they  ceased  to  decolorize  the  solution,  more  iodine 
being  added  as  needed.  This  time  averaged  about  ten  days.  They  were  then 
passed  at  24  hour  intervals  through  90  per  cent  and  95  per  cent  alcohol  into 
absolute  alcohol  which  was  changed  three  times.  Instead  of  passing  them  di- 
rectly into  the  mixture  of  equal  parts  of  absolute  alcohol  and  ether,  they  were 
passed  through  four  intermediate  mixtures,  each  increasing  the  ether  ratio 
10  per  cent  until  the  50  per  cent  was  reached.  This  was  an  extra  precaution  to 
avoid  as  far  as  possible  shrinkages  due  to  a  more  sudden  change.  Ordinary 
celloidin  embedding  followed,  slow  evaporation  being  used,  taking  a  month  or 
more  to  reach  a  firm  consistency.  The  blocks  were  then  hardened  in  80  per  cent 
alcohol  and  transferred  through  50  per  cent  and  30  per  cent  alcohols  into  4  per 
cent  nitric  acid  for  decalcification.     They  remained  in  this  12  days,  except  two 
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j^roupx,  OIK'  (it  whiili  i(iii;iinc<l  (,  d.i)  s  and  the  oilier  9  day^.  The  tkiid  was 
cliaiij^a-d  daily.  Tlu-y  were  tluii  transferred  to  a  5  per  cent  solution  of  .sfjdium 
suli)hate,  reniaininj,^  in  this  4(S  hours  with  one  change  of  fluid;  and  were  then 
washed  in  runnini,^  tap  water  for  24  hours.  The  l)locks  were  then  "douhlc  em- 
bedded"' in  iiarallin.  They  were  passed  fnjin  the  tajj  water  through  30,  50,  80, 
and  *>5  per  cent  alioliols.  and  the  dehydration  completed  with  carhol-.xylol  (crys- 
tal earholic  acid  one  part,  xylol  three  parts).  Absolute  alcohol  can  not  be  used 
because  oi  the  celloidin  present.  An  intermediate  step  of  equal  parts  of  95  per 
cent  alcohol  and  carbol-xylol  was  used  to  make  the  change  more  gradual.  After 
dehydration  with  carbol-xylol  they  were  changed  to  xylol  and  while  thus  cleared 
the  blocks  were  trimmed  in  such  a  way  that  the  position  of  the  modiolar  axis 
could  be  determined  later  for  orientation  of  the  sectioning.  They  were  in- 
filtrated and  embedded  in  52''  C.  paraffin  in  the  usual  way,  the  celloidin  block 
containing  the  cochlea  being  handled  as  a  piece  of  tissue. 

This  method  gave  in  most  cases  a  very  fair  preservation  of  the  delicate 
epithelial  structures  in  the  cochlea ;  in  a  few  instances  it  has  failed,  these  are 
probably  cases  where  the  \ascular  injection  did  not  penetrate  well.  The  pres- 
ervation of  the  tectorial  membrane  is  poor  by  this  method,  it  is  usually  found 
curled  back  in  part  of  the  turns,  and  it  is  not  so  thick  as  some  methods  show 
it  to  be. 

From  blocks  prepared  by  this  method  it  is  possible  to  cut  thinner  serial 
sections  than  have  usually  been  employed  in  studies  on  the  cochlea.  From  such 
a  block  I  have  an  unbroken  series  of  5  micra  sections  of  a  whole  guinea  pig 
cochlea,  and  I  have  cut  some  at  3  micra,  but  not  a  series.  The  material  used 
in  this  study  is  cut  in  7  micra  sections;  because  of  the  shortage  of  glassware, 
especially  of  large  cover-glasses,  only  every  fifth  section  was  saved.  It  would 
have  been  imjiossible  to  mount  all  the  series  otherwise.  From  the  wide  extent 
of  the  injured  areas  reported  in  the  experiments  of  Wittmaack,  Yoshii.  and 
others,  it  was  thought  that  every  fifth  section  would  be  sufficient  to  fully  indi- 
cate the  extent  of  the  injuries.  For  an  exact  study  of  the  distribution  of  injury 
that  I  have  found  unbroken  series  are  needed;  every  fifth  section  gives  the 
general  distribution  of  injured  areas,  but  the  study  of  unbroken  series  might 
yield  additional  facts  of  interest.  The  sectioning  was  done  with  a  sliding  micro- 
tome, using  the  "water-on-the-knife"  method.  The  blocks  were  oriented  so  as 
to  parallel  the  modiolus  as  nearly  as  possible  in  sectioning;  in  most  cases  this 
was  closely  approximated,  in  a  few  there  was  some  deviation.  In  most  blocks 
the  sectioning  was  continued  until  the  stapes  was  reached ;  in  some  it  was  forced 
to  stop  sooner  either  because  of  imperfect  decalcification  of  the  block  or  be- 
cause of  hard  particles  in  the  niche  of  the  round  window  or  elsewhere  in  this 
region  ;  these  particles  are  probably  grains  of  sand  from  the  tap  water,  which 
was  unusually  laden  with  dirt  at  the  time  part  of  the  washing  was  done.  The 
sections  were  fixed  to  slides  by  the  usual  water-albumen  paraffln  section  method, 
and  were  stained  with  Heidenhain's  iron  lac  hematoxylin ;  counterstained  with 
benzopurpurin,  and  mounted  in  damar.  The  technic  differed  from  the  usual 
treatment  of  paraflin  sections  on  slides  only  in  the  use  of  carbol-xylol,  instead 
of  absolute  alcohol,  in  passing  from  xylol  to  95  per  cent  alcohol  and  back  again. 
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This  was  necessary  l)eeause  of  the  celloithn  ])reseii1.  To  ooniplclely  remove 
mercuric  crystals  ihe  sections  were  [)assecl  throuj^h  an  iodine  solution  in  SO  per 
cent  alcohol  before  the  transference  to  iron  alum.  Tlu-  benzopurpurin  was  used 
in  solution  in  95  per  cent  alcohol  ;  the  sections  ])ermilted  to  overstain,  and  the 
excess  stain  remo\ed  by  fresh  95  per  cent  alcohol;  the  slides  bein_n  transferred  to 
carbol-xylol    to   sto])   the   decolori/.ation   at    the   desired   stajje. 

KKSULTS 

The  condition  of  the  labyrinthine  parts,  here  reported,  should  be  compared 
with  the  middle  ear  conditions,  prexiously  reported;  this  can  readily  be  done 
for  the  individual  ears,  as  the  animal  designation  has  been  made  in  all  tabulations. 

The  iniuries  to  the  inner  ear  have  been,  for  the  most  part  at  least,  limited 
to  the  cochlea.  In  no  case  were  all  of  the  special  sensory  areas  in  the  vestibular 
part  of  the  labvrinth  sectioned,  owing  to  the  close  trimming  of  the  blocks 
necessary  to  save  glassware.  Of  those  sectioned,  many  of  the  maculse 
acusticse  and  some  of  the  cristse  acustica?  have  some  shrunken  hair  cells,  but 
I  have  no  reason  to  believe  that  these  are  more  than  artefacts.  The  stapes 
was  reached  in  the  sectioning  in  76  of  the  92  cochleae  cut ;  of  the  76,  all  but 
10  are  in  the  normal  position.  In  each  of  these  ten  cases  the  annular  Hgament 
is  broken  and  the  base  plate  of  the  stapes  tilted  more  or  less  into  the  vesti- 
bule. \\  bile  this  condition  may  be  due  to  the  detonations,  I  am  inclined  to 
believe  that  it  was  caused  by  accidents  in  handling  at  some  time  before  the 
celloidin  embedding,  most  probably  during  the  removal  from  the  animal. 
Therefore  these  displacements  will  not  he  considered  further.  In  both  ears 
of  one  animal  no  joint  cavity  is  present  about  the  base  plate  of  the  stapes,  but 
this  is  not  a  condition  which  can  be  attributed  to  the  detonation.  The  position 
of  the  membrana  tympani  secundaria,  closing  the  fenestra  rotunda,  is  normal,  or 
nearly  so,  in  all  cases ;  it  is  slightly  w^avy  in  some,  but  no  more  so  than  the 
changing  fluids  might  account  for.  In  part  of  the  membranes  there  is  some 
edema  evident,  especially  of  the  middle  ear  surface.  Free  blood  cells  and  clots 
are  present  on  the  middle  ear  surface,  but  these  are  the  result  of  the  damage  to 
the  middle  ear  parts,  already  considered.  None  of  the  labyrinths  have  what 
may  be  called  "gross"  lesions,  such  as  the  rupture  of  the  walls  of  the  ductus 
cochlearis  or  the  scala  vestibuli  or  the  scala  tympani.  The  occasional  bending 
of  parts  of  the  basilar  membrane  occurs  as  often  in  controls  as  in  exposed  ani- 
mals, and  is  probably  due  to  the  embedding.  Definite  lesions  of  the  organ  of 
Corti  and  of  the  spiral  ganglion  are  present  in  many  of  the  cochlese.  No  evi- 
dence of  extensive  internal  hemorrhage  was  found  in  any  of  the  labyrinths ; 
in  some  a  few  isolated  blood  cells  were  observed  adhering  to  the  scala  tympani 
surface  of  the  basilar  membrane.     (See  Figs.  10  and  13.) 

To  present  the  appearance  of  the  lesions  observed  drawings  will  be  used; 
they  are  selected  to  show  the  more  usual  types  of  injuries. 

In  speaking  of  the  turns  of  the  cochlea  the  method  of  designating  bv  half- 
turns,  beginning  at  the  basal  end,  has  been  selected  as  best  adapted  to  the  pur- 
poses of  this  report.  Fig.  1  .shows  in  outline  a  modiolar  section  with  the  turns 
numbered  according  to  the  method  used.     The  part  in  the  midmodiolar  section 
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i^  coiiNidiTcd  ;i^  llic  midillc  >>\  i-acli  lial t'-luni ;  the  junctions  of  the  half-turns 
IvAW  \\n-  (ir^aii  n\  (.'(.rti  i  ni  lanijrntiall) .  Such  junctions  may  Ik-  seen  in  l'\ff. 
1.  In  speaking  of  scHtimis  of  llic  or^'an  of  C'orti  tlie  term  "radial"  refers  to 
those  in  the  re.<^i«in  of  the  iii<.<H(.lar  sections;  the  term  "tan<(entiar'  refers  to 
sections  in  the  rc.i;i('n  (if  llic  junclion  of  two  half-turns;  the  term  "oblique" 
refers  to  seclinns  in  the  intermediate  re.ij:i(»n.  l-'if^.  3  is  of  a  normal  fjrgan  of 
Corti  in  r.Khal  seclidn,  Imj^-.  4  is  of  a  noniial  or;,^-nl  in  ohlique  section,  and  Fig.  12 
is  of  a  noimal  or^an  in  tanj^ential  section.  'i"hc  oMiriue  and  tafigcntial  sections 
are  fa\oi;il»le  for  (he  i)h>erving  of  certain  oi'  ilie  lesions  because  several  of 
each  clement  of  tlie  (Hi^fan  of  Corti  arc  included  in  each  section.  The  first 
pari  of  llie  first  half-turn  which  deviates  frcnn  the  axis  of  the  cfjchlear  spiral 
and  is  almost  ])arallel  to  the  modiolus  for  a  distance  in  the  vestibule,  has  been 
listed  separately  in  the  records  made;  it  is  termed  the  "vestibular  part";  F"ig. 
2  shows  the  relation  of  this  part  of  the  ductus  cochlearis  to  the  rest  of  the 
labyrinth.  The  fenestra  rotunda  is  "beneath"  the  last  portion  of  the  vestib- 
ular ])art. 

Figs.  3  to  14.  inclusive,  are  at  the  same  magnification — 295  diameters;  they 
are  therefore  di recti v  comparable,  and  are  at  a  magnification  sufficient  to  permit 
ready  recognition  of  parts.  The  normal  sections  are  inserted  for  comparison 
with  the  injured  ones. 

The  loss  of  single  or  of  a  few  adjacent  outer  hair  cells  is  the  definite  injury 
of  most  frequent  occurrence  and  is  evidently  the  least  severe  of  the  definite 
lesions.  Figs.  6,  7,  8.  and  13  show  sections  having  such  lesions  in  radial, 
oblique,  and  tangential  sections.  Special  features  in  the  various  sections  are 
mentioned  in  the  legends  (q.v.).  Such  loss  of  hair  cells  is  usually  associated 
with  a  displacement  of  the  corresponding  Deiters'  cells,  frequently  showing  as 
a  nuclear  disj)lacement,  as  in  Fig.  7.  Derangements  of  Deiters'  cells  without 
loss  of  hair  cells  have  not  been  called  injuries  in  the  records  made  for  the  reason 
that  they  may  possibly  be  artefacts.  For  some  time  T  was  not  certain  that  the 
absence  of  isolated  hair  cells  indicated  an  injury,  but  after  finding  such  gaps 
in  many  of  the  best  preserved  cochlcce  I  have  arrived  at  the  conclusion  that 
these  are  not  artefacts.  This  belief  is  further  strengthened  by  the  increasing 
frequencv  of  such  absences  as  an  area  of  more  severe  injury  is  approached 
in  following  the  organ  of  Corti  in  serial  sections.  As  may  be  seen  in  the  illustra- 
tions given  it  is  possible  to  ha\e  several  degrees  of  severity  of  such  injuries, 
depending  on  the  ])roportion  of  outer  hair  cells  which  are  missing.  It  ranges 
from  the  loss  of  a  single  cell  in  one  section  with  all  the  other  sections  of  the 
region  normal,  up  to  the  loss  of  the  majority  of  the  cells  in  all  sections  for  a 
considerable  distance.  All  these  various  lesions  I  have  grouped  under  the  term 
of  first  degree  injury,  which  may  be  defined  as  the  loss  of  part  of  the  outer 
hair  cells  with  or  without  derangement  of  the  Deiters'  cells. 

The  absence  of  all  the  outer  hair  cells  is  the  condition  found  next  in  order 
of  frequencv  to  the  i)receding.  Fig.  8  illustrates  this  lesion.  This  condition  may 
be  present  in  all  the  sections  of  a  half-turn  or  more;  it  ranges  from  this  large 
extent  to  a  single  section.  vSince  only  every  fifth  section  has  been  saved,  the 
presence  of  this  condition  in  a  single  section  of  a  series  means  that  it  may  have 
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extended  over  any  or  all  of  the  four  sections  to  either  side  which  were  not  saved. 
It  will  be  noted  in  the  illustration  that  the  organ  of  Corti  retains  its  general 
outline;  this  is  one  of  the  dififerentiating  points  between  this  injury  and  the 
more  severe  types.  This  condition,  absence  of  all  outer  hair  cells  with  retention 
of  the  general  shape  of  the  organ  of  Corti,  has  been  termed  second  degree  injury, 
for  purposes  of  reference. 

Of  less  frequent  occurrence  than  the  preceding  condition  is  that  illustrated 
in  Fig.  9.  Not  only  are  the  outer  hair  cells  missing  but  also  the  organ  of  Corti 
is  crushed  out  of  shape ;  the  illustration  shows  the  usual  condition  of  the  filling 
of  the  tunnnel,  Nuel's  space,  and  the  outer  tunnel  space  with  cellular  debris. 
In  some  cases  there  is  more  or  less  vacuolization  of  the  mass.  It  will  be  observed 
that  the  inner  hair  cell  is  present,  as  it  is  in  the  other  lesions  so  far  described. 
This  condition  does  not,  in  my  material,  occur  in  isolated  sections,  but  areas  so 
injured  are  always  adjacent  at  one  end,  and  usually  at  both,  to  areas  of  lesser 
or  of  greater  injury.  This  condition,  absence  of  outer  hair  cells  associated 
with  a  general  crushing  of  the  organ  of  Corti  with  massed  or  vacuolized  debris 
in  the  large  spaces  of  the  organ,  has  been  termed  third  degree  injury. 

A  more  severe  lesion  of  the  organ  of  Corti  is  that  illustrated  in  Figs.  10 
and  14.  In  this  lesion  the  outer  hair  cells  are  all  absent,  the  organ  of  Corti 
is  badly  broken  up,  the  cellular  debris  is  usually  vacuolized  but  may  be  massed 
as  in  the  typical  third  degree  injury,  and  the  inner  hair  cell  is  absent.  The 
cells  of  the  internal  spiral  sulcus  are  frequently  vacuolized.  This  condition 
has  been  termed  fourth  degree  injury,  and  is  characterized  by  the  severe  dis- 
integration of  the  organ  of  Corti  with  absence  of  the  inner  hair  cell,  which 
is,  of  the  special  sensory  epithelial  cells,  the  least  often  missing.  In  only  one 
instance  was  the  inner  hair  cell  observed  in  an  abnormal  condition  when  the 
rest  of  the  organ  of  Corti  in  that  section  was  normal.  Two  adjacent  sections 
of  a  series  (every  fifth  section  saved)  show  a  chromatolysis  of  the  inner  hair 
cell.  In  one  of  these  two  sections  there  is  no  other  injury  evident;  the  other 
section  has  part  of  the  outer  hair  cells  missing.  Elsewhere  definite  lesions  of 
the  inner  hair  cells  have  been  observed  only  in  association  w^ith  severe  injuries 
to  the  rest  of  the  organ  of  Corti.  This  fourth  degree  injuiy,  like  the  third  de- 
gree, is  not  found  in  isolated  sections  in  otherwise  normal  areas,  but  areas  of 
it  are  bounded  by  areas  of  lesser  degree  of  injury. 

Fig.  11  shows  the  most  complete  destruction  of  the  organ  of  Corti  which 
is  present  in  my  material;  it  occurred  in  a  zone  of  fourth  degree  injury, 
and  since  it  occurred  but  once  I  have  not  given  it  a  special  designation  of  degree. 

The  distribution  of  the  lesions  of  the  organ  of  Corti  in  the  various  cochleae 
studied  is  shown  in  the  charts  of  Plate  IV.  In  making  these  charts  the  relative 
lengths  of  the  various  half-turns  have  been  approximated,  instead  of  show- 
ing each  half-turn  as  of  the  same  value.  To  indicate  the  various  degrees  of 
injury  three  shades  of  grey,  parallel  lines,  and  dots  have  been  used.  The 
darkest  shade  of  grey  represents  the  condition  that  has  been  termed  fourth 
degree  injury;  the  intermediate  grey,  third  degree  injury';  and  the  light  grey, 
second  degree  injury.  The  narrowest  of  these  light  grey  zones  represent  single 
sections,  though  they  are  ])ro])ortionately  too  wide   for  the  actual   ratio  which 
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a  siiif^lc  section  Nliould  cdvcr  in  tlu-  cliait.  The  |)arallcl  lines  indicate  areas 
where  all  sections  are  in  the  condition  termed  first  degree  injury;  and  the 
clots  indicate  first  deforce  injury  in  isfdatcd  sections.  Where  two  or  three 
adjacent  sections  are  in  this  condition  it  has  been  shown  by  drawing  a  line 
underneath  the  dots,  unless  it  is  between  zones  oi  more  severe  injury,  in  which 
case  parallel  lines  have  been  used.  The  number  of  df/ts  is  not,  in  most  cases, 
the  exact  number  of  sections  with  lesions  but  the  number  of  dots  indicates  the 
relative  frequency  of  scction>  showin<^  iiijur\  U)  the  orj^an  of  Corti.  Since 
only  every  fifth  section  has  been  saved,  the  absolute  distributi(;n  can  not  be  de- 
termined from  these  series.  The  position  of  the  ends  of  the  injured  areas 
can  be  determined  only  by  means  oi  g^raphic  reconstruction  which  allows  for 
the  difference  in  length  of  the  part  of  the  organ  of  Corti  contained  in  radial, 
oblique,  and  tangential  sections.  T  have  devised  a  suitable  method  for  making 
such  graphic  reconstructions,  but  have  not  used  it  here  since  most  of  its  value 
over  the  method  of  approximation  would  be  lost  due  to  having  only  every  fifth 
section.  In  studying  the  cochlese  the  organ  of  Corti  and  other  structures  were 
followed  section  by  section  from  the  vestibular  end  of  the  cochlear  duct  to 
the  apical  end.  being  traced  back  and  forth  through  each  series  for  the  dif- 
ferent turns.  The  notes,  from  which  the  charts  presented  were  made,  were 
jotted  down  at  the  time  of  observing  injured  areas  during  these  examinations 
of  series. 

For  convenience  of  reference,  the  conditions  recorded  have  been  grouped 
in  four  charts. 

In  Chart  I  are  placed  all  cases  where  the  outer  ear  was  entirely  open  and 
the  detonation  used  was  one  shot  from  a  45  caliber  Colt  automatic  pistol  with 
the  muzzle  at  15  cm.  from  the  ear.  Most  of  these  are  the  open  ears  of  animals 
in  which  the  other  ear  was  "protected;"  in  all  cases  the  15  cm.  was  measured 
from  the  opposite  ear,  and  the  barrel  pointed  downwards  about  20  degrees 
along  the  left  side  from  above  and  in  front. 

In  Chart  II  are  presented  the  controls  witli  the  open  rubber  ear  and  glass 
tubes  of  various  sizes.  From  a  study  of  the  great  variations  in  individual 
cases  in  the  cochlea  recorded  in  Chart  I,  where  all  were  exposed  to  as  similar 
traumatic  conditions  as  possible,  it  is  evident  that  the  number  of  controls  with 
each  tube  is  too  small,  there  being  only  one  with  each,  except  with  the  2  mm. 
tube,  and  in  this  case  the  extra  two  animals  were  used  because  wax  entered  the 
end  of  the  tube  during  the  experiment   (cf.  middle  ear  observations). 

In  Chart  III  are  presented  the  conditions  of  the  cochleae  of  the  "protected" 
ears.  To  facilitate  comparison,  these  have  been  arranged  in  the  same  order  as 
the  middle  ear  observations  on  the  protected  ears   (q.v.). 

In  Chart  IV  are  presented  the  conditions  of  the  cochleae  of  animals  sub- 
mitted to  detonations  other  than  the  usual  one  shot  at  15  cm. 

Besides  these,  two  animals  were  taken  as  controls  of  the  possible  injury 
to  the  ears  while  in  the  basket  during  the  experiment  with  others.  One  of 
these,  animal  62,  was  also  placed  in  ihe  holding  apparatus  as  a  control  of  pos- 
sible  injuries   by   this   procedure.      The   other,   animal   63,   simply   remained   in 
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the  basket  during  six  experiiueiils,  l)fing  exi)()se(l  thus  to  the  sound  of  six  shots 
from  the  pistol  at  a  distance  of  about  2S  feet,  the  gun  ])ointing  away  from  the 
basket.  Both  cochlece  of  animal  62  are  entirely  normal.  The  left  cochlea 
of  animal  63  has  a  few  sections  with  missing  or  distorted  outer  hair  cells  in 
the  sixth  half-turn;  the  right  cochlea  has  about  30  isolated  sections  with  some 
outer  hair  cells  missing,  scattered  throughout  its  length  except  in  the  vestibular 
part  and  the  eighth  half-turn;  the  injured  sections  are  most  numerous  in  the 
third  to  the  sixth  half-turns. 

Shrinkage  and  chromatolysis  of  i)art  of  the  cells  in  {)arts  of  the  si)iral 
ganglion  are  present  in  many  of  the  cochleae ;  this  condition  is  present  most 
often  in  the  vestibular  part  and  first  half-turn;  less  frequently  it  is  present 
in  the  second,  third  and  fourth  half-turns,  and  occurs  very  seldom  abo\e  this 
level.  In  general  the  distribution  corresponds  with  the  injuries  to  the  organ 
of  Corti,  but  there  are  many  exceptions  to  this  general  arrangement.  In  the 
vestibular  part  and  first  half-turn  shrunken  ganglion  cells  are  much  more  fre- 
quently present  in  the  cochlere  of  unprotected  ears  than  the  protected  ones  in 
which  definite  lesions  of  the  organ  of  Corti  occurred;  and  in  these  unpro- 
tected ears  the  number  of  shrunken  ganglion  cells  frequently  appears  to  be  a 
much  greater  proportion  of  all  the  cells  than  the  proportion  of  hair  cells  miss- 
ing in  the  corresponding  region.  On  the  other  hand,  in  many  cases  the  ganglion 
cells  show  no  injury  in  regions  corresponding  to  parts  of  the  organ  of  Corti 
that  were  severely  injured.  The  possibility  must  always  be  kept  in  mind  that 
these  ganglion  cell  alterations  may  be  artefacts ;  but  after  observing  many  cases 
where  the  occurrence  of  a  zone  of  injury  corresponds  to  a  zone  of  ganglion 
cell  shrinkage  and  protoplasmic  change  I  am  of  the  opinion  that  these  in- 
dicate a  true  lesion.  Animals  allowed  to  live  a  longer  period  of  time  after 
being  submitted  to  detonations  are  needed  to  definitely  settle  this  point.  In 
two  cases  all  the  ganglion  cells  were  in  bad  condition,  but  in  both  of  these 
the  general  fixation  was  so  poor  that  the  alteration  is  in  all  probability  an  arte- 
fact. In  a  few  cases  some  of  the  nerve  fibers  leading  from  the  ganglion  to  the 
organ  of  Corti  are  definitely  degenerating;  in  most  cases  they  appear  nearly, 
if  not  entirely,  normal.  The  fibers  in  the  organ  of  Corti  itself  can  not  be 
seen  in  the  sections  of  the  more  severe  lesions. 

A  peculiar  condition  is  present  in  the  cochlea  of  animal  44.  The  ductus 
cochlearis,  sacculus,  and  utriculus  are  distended  to  an  unusual  size.  Reissner's 
membrane  is  bulged  into  the  scala  vestibuli  and  is  longer  than  normal.  It  is 
not  thickened.  The  walls  of  the  utriculus  and  sacculus  are  similarlv  dis- 
tended. The  distention  is  somewhat  less  in  the  right  cochlea.  The  right 
cochlea  of  animal  37  has  a  similar,  but  much  less  distended,  condition  from 
the  basal  end  to  the  fifth  half-turn,  and  the  second  and  third  half -turns  of 
animal  27  show  it  in  slight  degree.  In  the  one  with  the  greatest  distention, 
the  left  cochlea  of  animal  44,  the  stria  \ascularis  of  most  of  the  third  half- 
turn  and  of  part  of  the  fir^-t  halt-turn  has  a  peculiar  enlargement  of  the  blood 
vessels.  The  enlargement  of  the  blood  vessels  of  the  stria  vascularis  and  the 
distention  of  the  endolymphatic  channels  of  the  left  cochlea  of  animal  44  may 
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lit'  ;iss(»(.ialc(l  as  cause  and  ttlctl  Inil  il  seems  dcjuhlful  in  view  of  the  facts 
that  (.nlaif^cd  \cssels  are  not  present  in  the  other  cases  of  distention  and  that 
several  cases  of  enlarged  vessels,  thouf^h  of  much  less  extent,  are  present  in 
cochle.T  where  no  distention  has  (Kcurred.  I  wish  to  specifically  state  that  I 
am  undecided  wliethcr  eitlic-r  the  enlargement  of  the  vessels  of  the  stria  vas- 
cularis or  the  disteiiiion  (if  the  end(>lymi)hatic  channels  has  been  caused  by  the 
detonations. 

DISCUSSION-    OF    KI-:SLM/rS 

In  discussing  the  alxne  ohservaticjiis  uptjn  the  labyrinths  their  bearing 
upon  the  relative  efficiency  (jf  the  various  protective  measures  will  be  con- 
sidered first  and  the  evidence  from  the  three  sets  of  observations  which  I 
have  made  correlated.  Then  a  comparison  will  be  made  of  the  lesions  in  my 
material  with  tliose  recorded  by  other  observers  upon  detonation  injuries  of 
the  lalnrinth,  and  the  bearing  of  the  results  u\)(m  the  general  problem  of  the 
physiology  of  hearing  indicated. 

I.  Rchitiir  Efficiency  of  Protective  Measures. — The  condition  of  the  mid- 
dle ear  i)arts  and  the  tambour  results,  reported  previously,  both  indicated  a  di- 
vision of  the  protective  measures  into  two  distinct  groups  on  the  basis  of 
their  relative  efficiency  in  preventing  the  passage  of  the  force  of  the  detonation 
waves  used ;  these  two  sets  of  results  agree  in  the  devices  which  would  be  placed 
in  each  group.  Dry  cotton,  the  Elliott  protector,  and  the  W'ilson-Michelson 
instruments  are  in  the  less  efftcient  group.  Examination  of  Chart  III  shows 
that  the  division  into  groups  on  the  basis  of  the  cochlear  results  is  not  so 
w  ell  marked ;  each  of  the  protective  measures  failed  to  prevent  definite  coch- 
lear lesions  in  one  or  more  of  the  ears  with  which  it  was  used.  Even  here, 
however,  a  ranking  of  the  devices  is  evident ;  and  two  of  the  three  protective 
measures  which  are  in  the  less  efficient  group  on  the  basis  of  the  other  tests 
again  rank  lowest. 

It  may  be  that  one  of  the  groups  of  observations  is  of  more  value  than  the 
others;  if  so,  this  should  receive  the  most  consideration  in  drawing  conclusions. 
I  would  call  attention  to  the  fact  that  the  animal  experiments  are  the  ones 
which  indicate  the  dexices  that  permit  an  injurious  amount  of  detonation  waves 
to  pass;  the  physical  experiments  are  of  value  in  helping  to  place  the  preven- 
tives in  their  relative  order  of  efficiency.  The  tambour  method,  on  the  other 
hand,  has  the  advantage  which  all  experiments  in  physics  have  over  biologic 
work;  i.e.,  the  materials  used  are  not  subject  to  the  individual  variations  which 
the  reactions  of  living  organisms  are.  It  is  exident  from  the  great  variations 
in  the  cochlear  injury  in  the  cases  where  the  ear  was  open  and  the  conditions 
were  as  similar  as  possible  that  there  is  either  a  great  individual  difference  in 
guinea  pigs  in  the  degree  of  susceptibility  to  injuiy  of  this  type  or  an  entirely 
unrecognized  factor  acting  to  modify  the  detonations  (see  Chart  I).  In  the 
conduction  of  the  animal  experiments  with  protective  measures  there  are  oppor- 
tunities for  errors  in  techhic  :  they  were  recognized  and  guarded  against,  but 
the  possibility  must  be  kept  in  mind  that  in  some  cases  the  wax  packing  used 
may  not  have   completely  prevented   the  entry  of   injurious    force   through   the 
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cre\iccs  arouiul   the   IuIk-   wliicli    it    was   sui)i)()sc(l   to   close,   or   that    tlic   (le\ice 
may   not    have    been    properly    placed    in    the    ruhher    ear.      1'he    former    error 
is   the   more   probable:   the   latter   is    one    that    is   more   likely    to   occur    in    the 
use  of  devices  by  troops  than  under  laboratory  conditions.     If  it  were  not  for 
the    i>-rcat   individual    differences    in    the   lon^   series    of    controls    (Chart    Ij,    I 
would   be   inclined   to   think  that   the   ])ossible  errors   mentioned   above   had   oc- 
curred  often,   and   that    therefore   the    cochlear    results    were   almost   worthless 
as  a  basis   for  comparison  of  the   relative   efficiency   of   the   devices.      But,   if 
such  were  the  case,  the  (|uestion  innucdiately  arises  as  to  whv  the  middle  ears 
were   not   also   damaged    in   a    like    ratio.       As    a    possible    explanation    of    the 
discrepancy  here  might  be  advanced  the  general  belief   for  many  years  among 
otologists  that  in  cases  of  air  wa\e  trauma  of  the  ear  the  injurv  to  the  laby- 
rinth   is    less    when    tb.e    tympanic    membrane    ruptures    than    when    it    remains 
intact;   the   explanation   advanced   is   that   the   force   is   expended   in    rupturing 
the  tympanic  membrane.     The   statements   are  based   upon   clinical   experience. 
Yoshii   (1909)   reported  one  animal  which  has  a  bearing  upon  the  subject.     In 
this  case  a  guinea  pig  was  exposed  to  the  detonation  from  the  firing  of  a  re- 
volver at  20  cm.    (size  of  gun  and  position  with   reference  to  the  animal  not 
given).     At  autopsy  it  was  found  that  the  right  middle  ear  was  badly  damaged 
while  the  left  middle  ear  was  entirely  normal.     Study  of  the  cochleae  showed 
the  right  one  to  be  entirely  normal,  while  the  left  one  showed  "very  light  de- 
gree alteration."     From   his   description  the   alteration   is  less   than   anything  I 
have  called  a  definite  lesion.     This  case  agrees  with  the  clinical  view.     In  my 
material,  animals   17  and  18  were  the  only  ones  in  which,  under  similar  con- 
ditions   for   the   two   ears,   one   tympanic    membrane   remained   intact    and    the 
other  ruptured.     In  animal  17  the  cochlea  of  the  side  with  the  normal  middle 
car  was   severely   injured,   while   the   other   cochlea   was   only   slightly    injured. 
In   animal    18   difficulties   in   technic   prevent   any   definite   statement   as   to   the 
cochlese.     Since  the  tympanic  membrane  was  ruptured  in  all  cases  of  open  ears 
exposed  to  the  usual  detonation,  no  comparison  is  possible  in  this  series.     How- 
ever, there  are  many  cases  here,  and  in  the  controls  with  the  open  rubber  ear 
and  glass  tube,  in  which  the  cochlea  was  severely  injured.     Of  the  ears  with 
which  dr}^  cotton,  the  Elliott  protector,   and  the  A\'ilson-Michelson   instrument 
were  used,  all  had  damaged  middle  ear  parts ;  one  of  each  group  of  three  had 
the  tympanic  membrane  ruptured,  though  less  severely  than  in  most  of  the  cases 
of  open  ears.     With  dry  cotton,  the  cochlea  of  the  ear  with  a  radial  slit  in  the 
tympanic  membrane  is  definitely  injured;  the  injury  to  this  cochlea  is  greater 
than  to  one  of  the  other  two,  and  less  than  the  injury  to  the  third  one.     \Mth 
the  Elliott  protector  the  cochlear  injury  is  much  less  in  the  case  with  a  rup- 
tured tympanic   membrane   than    in   the   two   where   it    remained   intact.      \\'ith 
the  Wilson-Michelson  device  the  cochlear  injury   in   the   case  of   the   ruptured 
tympanic   membrane   is   about  the   same   as   in   one   of   the   other   two   and    less 
than  the   injury   in  th.e  third   case.      With   the   rest  of  my   material   such   com- 
parisons can  not  be  properly  made,  because  the  force  of  the  detonation  waves 
reaching  the  ears  varied  greatly,   due   either  to   different   protectors   or  to   dif- 
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fficiit  (ii>t;iiuc's  iisr.l.  W  liiK-  some  of  my  cases  arc  in  accordance  with  the 
idea  that  rupturint,'  of  the  lympaiiic  tends  to  protect  the  lahyrinth,  it  seems  to 
me,  on  the  wliole,  that  the  e.\cei)tions  to  the  rule  are  too  numerous  to  accept 
it  as  an  explanation  of  the  inconsistency  between  the  middle  ear  and  the  coch- 
lear conditions.  In  ihis  my  material  agrees  with  the  clinical  experience  of 
Meyer  with  trooi)s  submitted  to  modern  battleheld  conditions.  It  seems  im- 
probable that  a  true  "'bone  conduction"  can  have  played  much,  if  any,  part 
here,  since  the  vibrations  would  have  had  to  pass  through  a  person's  body  to 
reach  the  ground  on  which  the  animal  rested. 

The  condition  of  the  cochlete  of  animal  ^)3,  used  as  a  control  for  pos- 
sible injury  while  in  the  stock  basket  during  the  testing  with  other  animals 
(see  i^age  159),  was  a  surprise  to  me,  as  I  fully  expected  this  control  to  be 
ncjrmal ;  animal  (>2  had  both  cochlea  entirely  normal.  There  is  a  possibility 
that  the  lesions  present,  outer  hair  cells  missing  in  isolated  sections,  are  not 
due  to  detonations,  in  which  case  all  the  lesions  of  this  nature  would  have  to 
be  ruled  out  of  consideration.  On  the  other  hand,  if  they  are  due  to  the  de- 
tonations of  the  pistol  at  the  distance  at  which  the  basket  was  placed,  (25 
feet  with  the  gun  pointing  in  the  opposite  direction),  all  the  cases  of  such 
"isolated  section"  lesions  must  be  considered  as  possibly  due  to  such  an  origin 
and  their  bearing  on  the  protection  afforded  by  devices  thrown  out.  At  the 
time  of  the  experimentation  I  considered  the  distance  sufficient  to  avoid  any 
such  complication;  at  present  I  must  leave  the  question  of  interpretation  open. 
Here,  as  in  the  other  groups,  variaticjn  has  occurred  ;  one  animal  normal  and 
one  injured    ( ?). 

As  the  most  suitable  way  of  determining  the  ranking  given  by  the  com- 
bined tests  to  the  protective  measures,  the  method  of  adding  the  rankings  given 
by  the  different  tests  has  been  chosen.  All  three  sets  of  observations  are  given 
the  same  value  by  this  method.  The  devices  tested  only  by  the  tambour  method 
are  omitted  in  this  tabulation.  To  determine  the  order  of  efficiency  as  given  by 
the  tambour  method  the  results  with  the  three  guns  used  are  ranked.  \\'hen 
two  devices  are  tied  for  a  place,  the  sum  of  this  and  the  next  lower  ranking 
is  halved  and  each  of  the  devices  given  this  number.     (See  Tables  I  and  II.) 

The  ranking  arrived  at  by  this  method  is  open  to  criticism,  and  is.  at  best, 
only  an  approximation.  The  division  into  two  groups  is  ver}-  definite,  however ; 
and  the  other  requirements  for  militar}^  use  should  be  the  deciding  factor  in 
choosing  from  the  more  efficient  group,  rather  than  the  slight  differences  in 
the  laboratorv  results  with  these  protective  measures.  These  other  factors 
ha\e  already  been  considered  in  the  previous  reports  and  need  not  be  taken  up 
here.  It  suffices  to  state  that  the  "Tommy"  is  the  best  of  the  mechanical 
devices  from  the  standpoint  of  general  military  requirements  for  field  use  by 
troops,  and  since  it  has  a  slight  advantage  over  the  others  in  the  laboratory 
tests  it  is  the  protective  measure  which  seems  to  be  indicated  for  a  large  field 
trial.  On  the  other  hand,  the  results  of  the  labx)ratory  tests  seem  to  eliminate 
the  need  of  field  trials  by  troops  of  dry  cotton,  the  Elliott  protector,  and  the 
W'ilson-iVIichelson  device. 
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N.  Coin/^arison  tcitli  rrci'ioiis  Work  on  /h-foinilion  f n  juries.-  -The  cxteni 
and  (lislriliution  of  llic  injuries  to  llic  orijan  of  Corti  in  tlic  animals  1  have  used 
arc  (piite  different  from  those  reported  hy  W'itlmaaek,  \'oshii,  and  Prenant 
and  Castex,  Init  are  simihir  to  some  (jf  Hoessli's  and  of  Hoshino's  cases.  W'ith 
tlie  exception  of  some  of  Hoessli's  experiments  all  llie  animals  used  by  f)ther 
vvcM'kers  have  been  exposed  to  detonations  with  the  ears  entirelv  open.  W'itt- 
maack's  statements  are  very  indefinite  regarding  his  detonation  cases ;  some 
animals  were  negative,  and  no  statement  is  made  of  the  extent  of  the  injured 
area  in  the  ones  which  were  injured.  The  one  hgure  which  he  presented  of 
a  detonation  injury  is  from  the  next  to  the  highest  turn   (hfth  and  sixth  half- 

TabFvE  I 
Ranking  of  the  Devices  by  the  Tambour  Method 


RANKING  ACCORDING  TO 

SUM  OE 
RANKINGS 

RESULTING 
RANKING 

PROTECTIVE  MEASURE 

22 

38 

44 

CAEIBER 

CALIBER 

CALIBER 

Vaselined  cotton 

m 

1 

2 

4>4 

1 

"Tommv"' 

3 

2/. 

1 

6/2 

2 

Glvcerined  cotton 

15^' 

4 

3 

8>^ 

3 

Mallock- Armstrong 

4 

2V2 

5 

11/2 

4 

Wax   cone 

5 

5 

4 

14 

5 

Wilson-AIichelson 

8 

6 

6 

20 

6/2 

Elliott  Protector 

6 

7 

7 

20 

6/2 

Dry  cotton 

7 

8 

8 

23 

8 

Table  II 
Ranking  of  Devices  by  the  Average  of  the  Three  Sets  of  Results 


ranking  ACCORDING  TO 

SUM  OF 
RANKINGS 

RESULTING 
RANKING 

PROTECTIVE  MEASURE 

TAMBOUR 

MIDDLE  EAR 

LABYRINTH 

METHOD 

CONDITIONS 

CONDITIONS 

"Tommv" 

2 

1 

4 

7 

1 

Mallock- Armstrong 

4 

2 

3 

9 

2/ 

Glvcerined  cotton 

3 

5 

1 

9 

2K2 

Wax  cone 

5 

3 

2 

10 

4 

Vaselined  cotton 

1 

4 

6 

11 

5 

Elliott  Protector 

61/ 

7 

7 

201/ 

6/ 

Wilson-Michelson 

6K^ 

6 

8 

20/ 

6/2 

Dry  cotton 

8 

8 

5 

21 

8 

turns  of  my  terminology)  ;  it  resembles  somewhat  the  lesion  I  have  termed 
third  degree  injury.  A  study  of  this  and  other  figures  given  by  Wittmaack 
leads  me  to  agree  with  the  group  of  workers  in  Siebenmann's  laboratory  at 
Basel ;  i.  e.,  there  are  many  artefacts  due  to  faulty  histologic  technic  in  the 
work  of  Wittmaack,  so  that  even  his  indefinite  statements  must  be  discounted. 
As  in  all  of  his  work  on  cochlear  injury  by  sound  waves  Wittmaack  considered 
the  injury  to  the  ganglion  cells  the  primary  lesion  and  the  epithelial  degenera- 
tion secondary.  The  lesions  found  by  Yoshii  in  the  middle  ears  were  very 
similar  to  those  of  my  unprotected  animals.  The  two  figures  given  by  him 
of  the  organ  of  Corti  after  exposure  to  single  detonations  show  a  condition 
which  agrees   with    that   which   1    have   termed    fourth    degree   injury.    (An   ex- 
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triiM\r  (|u<>l,ilinn   fr.im   \..slni'>  dcsc  ri|.ti..n  ..t    the  lesions  .,h>cr\  cd  by  him   was 
oi\;,n  in  (lie   vr]>uv\  -mi   \\h-  lilcialmv.  ]r.ii^v  S51   ot    the  Scplcmhcr,   1917,  Journal 
i,l    |,;,l.cial()ry   and   C'hniral    Mfdieinc,   to    which   the   reader   is   referred.)      He 
rei.orkd   this   severe   lesion   as  present   the   whole  length   of   tlie  cochlea,   which 
is  a   lesion   nioix-  extensive   than   is   present    in   any  of   the  animals    j    have  used. 
He  also    reported   ehan-es    ,„    the   -an-lion   cells,   and   he,   like   the   rest   of   the 
Siehenmann    -ronp    of    workers,    considered    these    to    he    secondary    degenera- 
tions and  Ihr  epillielial  primary.     He  also  nienlioned  hemorrhage  into  the  .spaces 
of  the  lahyrinth   in   some  eases.     The  size  of  the  gun  used  by   Voshii   was  not 
delinitelv  stated;  he  merely  said,  "Diese  Yersuche  wurden  teils  niit  einer  Kin- 
derpistole   und   hlossen    Zmi.lluitelien,   teils   mit   Revolver   und    Patronen   unmit- 
telhar  xor  der  ( )hrnuisehel  und  /.war  jeweilen  an  beiden  Ohren  rasch  nachein- 
ander  ausgefiihrt.'"     He  placed  the  muzzle  of  the  gun  much  closer  to  the  ear 
than  1  did.  and  in  reality  exj^sed  each  car  to  two  detonations;  for  my  experi- 
ments show  that  both   ears  are  damaged   at  much   greater  distances   than  that 
between  the  two  ears  of  the  guinea  pig.     This  closer  range  may  account   for 
the  more  extensive  injury  his  animals  received.     He  used  eight  animals  in  this 
series;  two  were  killed   immediately,  and  one  each   after  2,  3,  8,  25,  45,   and 
60  days  respectively.     In  view  of  my  results  it  seems  probable  that  more  an- 
imals might   have   given  him   more   variation.      In  any   case,   his   statements   as 
to   some   regeneration   having   occurred    in   the   animals   killed   after   the   longer 
intervals   certainly   needs   confirmation   with    a   greater   number   of   animals    for 
each  stage. 

Hoessli,  in  his  first  series  with  detonations,  was  testing  primarily  air  and 
bone  conduction,  to  determine  wdiich  transmits  the  injurious  force.  He  used 
three  guinea  pigs  with  the  incus  removed  on  the  left  side  of  each,  and  two 
animals  with  moistened  cotton  in  both  ears.  All  were  placed  in  a  cage  and 
a  Swiss  army  revoher  was  fired  five  times  at  about  30  cm.  al)ove  them.  They 
were  killed  24  hours  later.  Each  animal  was  reported  by  a  separate  proto- 
col. In  none  of  the  cases  was  there  any  damage  to  the  middle  ear  parts, 
other  than  the  operative  injury  in  the  animals  with  the  incus  removed.  All 
three  of  the  cochlea^  in  the  cases  with  the  incus  removed  were  normal,  as 
were  also  three  of  the  four  ears  which  had  moistened  cotton  in  the  external 
meatus.  In  two  of  the  three  open  ears  with  normal  middle  ear  parts  and 
one  of  the  cotton  i)rotected  ears  the  cochleje  had  lesions  in  the  organ  of 
Corti  in  the  lower  half  of  the  second  turn  (third  half-turn  of  my  termi- 
nologvO.  The  injury  as  described  agrees  wJth  what  I  have  termed  third  degree 
injury:  Hoessli  noted  that  the  inner  hair  cells  were  present,  and  stated  that 
there  was  no  evidence  of  injury  to  the  ganglion  cells  or  nerve  fibers,  except 
the  fibers  in  the  organ  of  Corti  itself.  Kxcept  for  this  half-turn  he  reported 
the  cochlea^  normal.  Of  the  third  case  of  open  ear  with  normal  conducting 
apparatus,  he  said:  "Die  Scala  cochleae  ist  im  ganzen  normal  und  zeigt  kerne 
Veranderungen.  Kinzig  an  derjenigen  Stelle,  wo  wir  in  Fall  22  die  ausge- 
(lelinlen  Yeranderung  vorfinden.  sehcn  wir  hicr  einen  teilweisen  Mangel  der 
iiusseren   Haarzellen  bei   sonst   normalcn   Cort.   Organ.      Die   iibrigen   Skalateile 


166  TllK    JDl'RXAI,   OF    I.AIIOKATORY    AM)    CMXH'AI,    MIvDICINl^ 

sind  chciit'alls  normal. '"  ApiJareiUly  this  was  a  slii^iit  injury;  Hoessli  was 
]ir()|)orly  \  ory  cautious  as  to  llio  inter] )rotation  of  possiljle  artefacts.  In  those 
of  Hoessh's  cases  which  are  coni[)aral)le  to  mine,  cochlear  injuries  occurred 
in  the  same  region  wliere  mine  show  the  most  frequent  injury;  i.e.,  the  third 
half-turn.  The  condition  of  the  un])rotected  middle  ear  parts  in  his  cases 
shows  that  he  was  working  with  a  less  powerful  wave  than  I  have  vised,  for 
no  injury  to  the  middle  ear  ])arts  occurred.  Hoessli  lielieved  that  the  one  case 
where  the  wet  cotton  failed  to  protect  was  due  to  the  scratching  loose  of  the 
cotton  hy  the  animal.  He  followed  this  series  by  one  in  which  he  used  four 
cats,  the  left  ears  stopped  with  wet  cotton,  the  right  ears  left  open.  To  prevent 
scratching  out  of  the  cotton  the  animals  were  lightly  narcotized  and  five  shots 
were  fired  at  25  cm.  above  the  four  (jf  them.  As  before,  the  animals  were  killed 
24  hours  later.  The  left  ears  in  all  cases  were  normal.  In  three  of  the  four 
right  ears  there  was  an  area  in  the  upper  part  of  the  basal  turn  (upper  part 
of  second  half-turn)  extending  through  about  15  sections  (thickness  of  sections 
not  stated)  where  a  slight  variation  from  normal  was  found;  the  variation 
consisting  of  a  depression  of  the  organ  of  Corti  in  the  region  of  the  outer 
hair  cells.  The  fourth  case  was  entirely  normal.  In  view  of  the  variations 
in  individual  cases  in  the  longer  series  I  have  used  the  two  exceptions  in  Hoes- 
sli's   short   series  are   interesting. 

While  Hoessli  was  interested  primarily  in  the  question  whether  air  or 
bone  conduction  transmits  the  injurious  waves,  he  called  attention  to  the  bear- 
ing of  the  results  with  wet  cotton  to  the  protection  of  soldiers.  All  that  he 
says  of  this  phase  of  it  is  here  quoted  verbatim :  "Hier  denkt  man  unwill- 
kiirlich  an  die  vielen  Falle  von  Schusstrauma  bei  Soldaten,  welche  Watte  in 
den  Ohren  getragen  haben  sollen.  W^ir  sehen  eben  hier,  dass  wenn  der  W^at- 
tepfropf  nicht  ganz  fest  sitzt,  und  am  Ende  gar  nicht  angefeuchtet  ist,  der  Schutz 
des  Ohres  ganz  illusorisch  ist." 

The  region  in  which  the  majority  of  the  lesions  have  occurred  in  my  ma- 
terial is  in  general  the  same  as  was  injured  by  the  various  guns  used  by  Hoshino 
(1917).*  He  exposed  guinea  pigs  to  the  detonations  of  a  medium-sized  re- 
volver, a  hunting  gun,  an  army  rifle,  and  a  cannon.  With  the  small  arms  blank 
cartridges  were  used  and  in  most  cases  the  shooting  was  directly  toward  the 
ear,  at  distances  varying  from  "close  up"  to  100  cm. ;  two  series  w^ere  run 
with  each  gun,  in  the  first  group  of  series  one  shot  w'as  fired  toward  each  ear 
of  each  animal,  in  the  second  group  several  shots  each,  the  number  varied  from 
5  to  350.  The  cannon  w^as  one  used  as  a  "time  piece"  and  was  loaded  with 
only  about  four  pounds  of  powder;  the  animals  were  placed  tw^o  meters  in 
front  of  the  muzzle;  they  were  blown  as  much  as  twenty  meters  by  the  ex- 
plosion. Two  animals  w^ere  exposed  to  one  shot  each  and  two  to  five  shots 
each.  The  animals  of  the  various  series  were  killed  at  intervals  varying  from 
"immediately"  to  fifty  days  after  exposure.  The  greater  number  of  animals 
were   handled   by   an   injection   fixation,    using   Held's    formal-l>ichromate-acetic 


*It  is  to  be  regretted  that  the  observations  of  this  Japanese  otologist  are  recorded  in  a  language 
which  renders  them  inaccessible  to  so  many  investigators.  I  desire  to  here  express  my  thanks  to  Dr.  I. 
Watnnabc,   an   assistant   in   this   laboratory,    for   reading  this   article   to   me. 
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iiiixlurc.  'IMk-  rcMiltint;  iiijinic-  to  llic  lal)\riiilli  were  iiKjrc  severe  and  wifle- 
sprea'l  in  llic  cases  where  many  shots  were  lire*!  than  in  those  "once  exposed" 
(really  twice  since  each  ear  was  considered  separately  in  counting  the  shots), 
but  were  in  the  same  res^don  ol'  the  cochlear  canal  for  each  gun,  whether  one 
or  nian\  detonations  were  used.  lloshino  reported  that  the  region  of  most 
severe  iniury  varied  for  the  ditferenl  guns;  il  was  lowest  for  the  cannon  and 
highest  for  the  revoKer.  The  regions  for  each  were:  il)  revolver,  second 
turn  and  lower  part  of  llnrd  ;  (2)  cannon,  ui.])er  part  of  ha-al  aiul  lower  i)art 
of  second  tvun ;  (3)  army  riHe.  ui)per  part  of  hasal  turn;  and  (4)  hunting 
gun,  lower  part  of  second  turn.  (  )ne  monkey  was  used,  it  was  exposed  to  one 
detonation  from  the  rille  held  close  to  the  ear.  The  injured  area  extended  the 
whole  length  of  the  cochlea  in  this  case,  hut  Hoshino  thought  the  wide  extent 
possihly  due  to  the  short  distance  rather  than  to  the  different  type  of  animal. 
The  injuries  to  the  organ  of  Corti  varied  from  minor  atrophic  changes  to  com- 
plete destruction  and  rci)lacement  by  a  simple  epithelium.  Hoshino  also 
broke  the  tympanic  membranes  of  six  anir.ials  and  introduced  staphylococci 
into  the  middle  ears,  waited  until  a  suppurative  otitis  had  developed,  and  then 
exposed  them  to  detonations  from  the  small  arms.  He  found  in  general  the 
same  type  and  extent  of  injury  due  to  detonation  as  in  the  animals  with  normal 
middle  ears  similarly  treated.  He  added  this  suppurative  otitis  evidence  in 
support  of  the  \iew  that  imi)aired  conducting  apparatus  does  not  protect  the 
labyrinth  from  detonation  injuries.  Hoshino  reported  lesions  involving  the 
tectorial  membrane,  which  was  sometimes  "frayed  out"  and  sometimes  almost 
entirely  missing.  While  the  technic  used  on  my  material  is  not  favorable  for 
the  study  of  the  tectorial  membrane,  because  of  the  way  it  is  shrunken  and  fre- 
quently turned  up  even  in  normal  cases,  I  have  observed  no  evidence  that  it  has 
definite  lesions  due  to  detonations,  ^^■hile  Hoshino  stated  that  the  area  injured 
was  more  extensive  with  re])eated  detonations  than  with  one.  he  did  not  men- 
tion variations  in  extent  under  identical  conditions,  such  as  my  material  shows. 
The  small  amount  of  powder  used  in  the  cannon  and  the  fact  that  no  shell 
was  used  would  indicate  that  the  intensity  of  the  detonation  was  not  so  great 
as  that  of  the  majority  of  artillery  pieces  and  exploding  shells,  but  the  plac- 
ing of  the  animals  in  front  of  the  muzzle  where  they  were  hurled  twenty  me- 
ters by  the  explosion  simulated  to  a  degree  the  conditions  in  the  battle  held 
where  men  are  frequently  hurled  by  the  blast  of  an  expbxling  shell  and  at  the 
same  time  exposed  to  the  intense  sound.  It  is  of  interest  to  note  that  the 
lesions  produced  by  Hoshino's  cannon  were  of  the  same  nature  as  those  pro- 
duced by  the  smaller  detonations  of  both  himself  and  others;  this  indicates 
that  the  study  of  lesions  due  to  relatively  small  detonations  are  of  value  m 
interpreting  the  effects  of  more  intense  explosions. 

Prenant  and  Castex  (1916)  placed  animals  in  cages  near  large  caliber 
guns  at  Fontainebleau.  In  no  case  was  the  tympanic  membrane  ruptured  or 
the  middle  ear  inflamed  ;  ten  guinea  pigs  and  six  rabbits  were  used.  The 
preservation  of  the  labyrinths  was  ])oor:  they  reported  extensive  cochlear 
lesions  of  the  type  to  be  expected  from  previous  work  in  this  line  with  smaller 
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guns.  Since  this  is  the  only  woik  in  \\  liicli  animal  coclik';!.'  ha\(.'  been  re- 
ported after  exposure  to  detonations  of  such  large  guns  as  they  used,  it  is 
\  ery  much  to  lie  regretted  that  the  histologic  technic  used  gave  such  poor 
results,  for  this  makes  them  oi  \ery  little  \alue  except  for  very  indefinite 
comparisons  and   conclusions. 

The  report  of  J.  S.  and  John  Fraser  (1917),  made  upon  autopsy  ma- 
terial from  soldiers  deafened  by  detonations,  must  be  considered  in  the  light 
of  tlie  histologic  technic  employed  by  them,  which  was  such  as  to  render  the 
results  very  indefinite,  as  they  realized.  Hemorrhage  into  the  labyrinth  and 
about  the  entrance  of  the  nerve  roots  in  the  fundus  of  the  internal  meatus 
were  definite  findings  of  interest.  It  is  almost  impossible  in  their  material 
to  differentiate  the  artefacts  from  the  actual  lesions  in  the  organ  of  Corti  and 
nervous  tissues.  \\'ilson  reported  recently  (Journal  of  the  American  Medical 
Association,  August  24,  1918)  the  condition  of  a  temporal  l)one  secured  at 
autopsy  six  hours  after  the  death  of  a  soldier  who  had  lieen  deafened  by  a 
shell  explosion.  (Wilson  said  that  two  were  reported  in  the  Harvey  lecture 
which  he  gave;  but  this  is  not  yet  available  to  me.)  Formalin  fixation  was 
used.  He,  like  Fraser,  reported  hemorrhage  in  the  base  of  the  internal  auditor}^ 
3iieatus.  There  was  very  evident  damage  to  the  cochlear  parts ;  edema  and 
small  cell  infiltration  were  mentioned  as  being  present  in  the  ganglion,  stria 
vascularis,  basilar  membrane  and  organ  of  Corti.  The  epithelial  cells  and  the 
ganglion  cells  were  "indistinct,"  doubtless  due  in  part,  at  least,  to  the  time  after 
death  before  placed  in  fixative  and  to  the  necessarily  slow  penetration  of  the 
fixative,  even  though  the  superior  semicircular  canal  was  opened. 

The  presence  in  my  material,  except  in  the  most  severe  injuries,  and  also 
in  Hoessli's  detonation  cases,  of  the  inner  hair  cells  is  interesting  in  connec- 
tion with  Hoessli's  obsen'ations  on  injuiy  by  the  sound  from  organ  pipes  ;  he 
found  the  inner  hair  cells  intact  after  the  outer  hair  cells  had  disappeared  and 
even  sometimes  when  the  supporting  apparatus  of  the  outer  hair  cells  had  broken 
down.  These  facts  indicate  either  that  the  inner  hair  cells  are  more  resistant 
to  injurious  sound  waves,  or  that  they  do  not  receive  as  great  intensity  of 
the  waves  as  do  the  outer  hair  cells.  This  is  not  taken  into  account  in  any 
of  the  theories  of  hearing.  The  statement  of  Shambaugh  (1911)  that  the  cilise 
of  the  outer  hair  cells  are  in  constant  contact  with  the  tectorial  membrane 
while  those   of   the  inner  hair   cells   are   free   is   suggestive   in  this   connection. 

None  of  the  reports  of  previous  experimental  work  involving  detonation 
injury  of  the  cochlea  make  any  mention  of  separated  zonal  lesions,  which  are 
so  plentiful  in  my  material.  (See,  for  example,  "34  Rt."  in  Chart  I.)  It  is 
evident  that  if  the  variations  in  sound  waves  are  perceived  by  any  tyjK*  of 
peripheral  analysis,  the  occurrence  of  definite  zones  of  injury  to  the  organ  of 
Corti  indicates  that  the  parts  injured  were  mo.st  active  in  converting  the  sound 
waves  into  nervous  energy.  In  other  words,  if  either  the  Helmholtz  theory 
in  its  original  form  or  in  any  of  its  nK)difications,  or  the  Lelimann  or  the 
Kwald  or  the  Kohler  theory,  or  the  theories  involving  the  tectorial  membrane 
as  a  differentiating  mechanism,  are  correct,  injured  zones  of  the  organ  of  Corti 
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arc  to  la-  iiitrrpri-lc-d  as  iK-ini^  in  llic  area-  of  rooiiaiuc  I'or  the  m>uiuI  waves 
that  cau-cil  tin-  dania^v.  If  then-  is  any  (lef'mitc  pilcli,  or  if  there  is  a  mixture 
of  vihration  fre(iueiKie>  in  the  sound  waves  pnKluced  hy  the  firinfj  of  a  45 
cahher  ])istol.  it  seein>  reasonahle  to  suppose  that  it  will  not  vary  with  dif- 
ferent shots  to  the  extent  that  would  cause  the  difference  in  cochlear  lesions 
ohserved  under  otherwi.sc  identical  conditions;  that  is,  open  ears  at  the  same 
distance  and  direction  from  the  j^am.  Xo  attempt  has  been  made  to  obtain 
and  analvze  sound  cur\es  from  the  detonations  used,  so  that  no  conclusions  can 
be  readied  alont,^  this  line. 

A  general  view  of  Chart  I,  in  which  are  presented  the  cochlear  condition- 
in  tlie  open  ears  exposed  to  the  tiring  of  one  shot  at  15  cm.  fnnii  the  muzzle 
of  a  45  caliber  Colt  automatic  pistol,  reveals  that  the  average  center  of  the 
injured  areas,  other  than  isolated  sections  of  first  degree  injury,  is  in  the  third 
half-turn,  except  tor  the  few  cases  with  severe  injury  in  the  vestibular  jiart 
and  first  half-turn.  The  making  of  the  charts  with  the  relative  lengths  of  the 
half-turns  indicated  permits  the  ready  recognition  of  the  fact  that  the  center 
of  the  total  length  of  the  cochlear  duct  of  the  guinea  pig  is  also  in  the  third 
half-turn.  In  Chart  III,  in  which  are  presented  the  cochlear  conditions  in 
the  "protected"  ears,  the  average  center  of  the  injured  areas  is  somewhat  higher; 
and  there  is  almost  complete  absence  of  injuries,  even  of  the  first  degree  in 
isolated  sections,  in  the  whole  of  the  basal  turn  (vestibular  part  and  first  and 
second  half-turns)  of  all  the  cochleae,  except  those  in  the  Elliott  and  W'ilson- 
Michel-on  series. 

These  observations  of  separated  zones  of  injur>-  and  the  average  grouping 
of  the  same  are  presented  and  attention  called  to  them  in  the  hope  that  they 
may  prove  of  \alue  at  some  time,  in  connection  with  other  data,  in  s'^lution 
of  the  problem  of  the  physiologv'  of  hearing. 

It  is  a  pleasure  to  express  here  my  appreciation  of  the  valuable  .sugges- 
tions made  bv  mv  chief.  Dr.  Huber.  during  the  course  of  this  work. 

RESUME   OF    ALL    MY    REPORTS    UPON    WAR   DEAFNESS   AND   ITS    PREVENTION 

1.  Laboratory  methods  for  the  testing  of  measures  for  the  prevention  of 
detonation  injuries  to  the  ear  have  been  devised  and  such  tests  have  been 
carried  out  upon  various  protective  measures. 

2.  These  tests  indicate  that  the  measures  tested  ma\-  be  divided  into  two 
definite  groups  upon  the  basis  of  their  efficiency  in  preventing  the  passage  of 
the  force  of  the  detonation  waves  used;  the  variations  within  each  group  are 
less  decisixe.  In  the  more  efficient  group  are  the  Scientific  Ear  Drum  Pro- 
tector "Tommy."  the  Mallock-Armstrong  Ear  Defender,  cotton  soaked  with 
glvcerine.  cotton  soaked  with  \aseline.  and  the  wax  cone  of  the  Italian  navy 
type.  In  the  less  efficient  group  are  dry  cotton,  the  Elli(~»tt  Perfect  Ear  Pro- 
tector,  and  the   W'ilson-Michelson   device. 

3.  The  cochlear  lesions  produced  by  the  detonations  dilter  in  extent  and 
distribution  from  those  hitherto  reported;  the  injury  areas  are  frequently  sep- 
arated bv  normal   zones;   these  lesions  are  recorded   in  a  graphic   form  which 
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makes  them  more  availaljle  for  reference  than  if  tlie  usual  method  of  written 
protocols  had  been  followed.  The  facts  are  |)resented  without  drawing  theo- 
retical  conclusions  as  to  their  hearing  on   the  jihvsiology  of  hearing. 
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WAU    DKAI  NKSS    AND    ITS    I'kKVIvNT H)N'  171 


Explanation  of  Figures 

ABBREVIATIONS 

a.,     Apical   end   of   ductus   cochlearis. 

C.C.,    Colls   of   Claudius. 

c.D.c,    Cuticular  processes  of  Deiters'  cells    (basal  part). 

c-H.,    Cells  of  Hensen. 

c.i.s.,    Cells  of  internal   spiral   sulcus. 

f.r.,     Membrana  tympani   secundaria  closing  the   fenestra  rotunda. 

g.sp.,     Ganglion  spirale. 

i.h.c,    Inner  hair  cells. 

I. p.,    Inner   pillars. 

I.e.,     Lamina  spiralis  ossea. 

l.sp.,     Spiral  ligament. 

m.h.,    Basilar  membrane. 

m.rct.,     Membrana    reticularis. 

m.v.,     Membrana    vestibularis    (of    Reissner). 

n.,    Nerve  fibers  in  the  spiral  osseous  lamina. 

n.c.    Cochlear  nerve. 

n.D.c,    Nuclei  of  Deiters'  cells. 

n.o.p.,    Nuclei  of  the  outer  pillar  cells. 

N.S.,    Nuel's  space. 

o.h.c,    Outer  hair  cells. 

o.h.c.X,     Outer  hair  cells  of  the  first  row. 

p.h.c.2,    Outer  hair  cells  of  the  second  row. 

o.li.c.2).     Outer  hair  cells  of  the  third  row. 

o.p.,    Outer  pillars. 

o.t.s.,     Outer  tunnel  space. 

ph.pr.,    Phalangeal  processes   of  Deiters'   cells. 

sac,   Sacculus. 

s.t.,     Scala  tympani. 

S.V..     Scala  vestibuli. 

t.f.,   Tunnel  nerve  fibers. 

t.s..   Tunnel  space  of  the  organ  of  Corti. 

^^tr.,   Utriculus. 

:•./'.,     "Vestibular  part"  of  the  ductus  cochlearis. 

v.sp.,  Vas  spirale. 
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Legends  for  Plate  I 

Fic.  1. — Outline  drawing  of  a  mid-modiolar  section  of  a  left  cochlea  of  a  guinea  pig. 
Guinea  pig  55,  left  cochlea,  slide  1,  row  4.  section  1,  1S'<.  The  arable  numerals  in  the 
various  sections  of  the  ductus  cochlearis  indicate  the  designation  of  half-turns  as  used  in 
this  article.  The  part  in  the  modiolar  section  is  considered  as  the  center  of  each  half-turn; 
the  junctions  of  the  half-turns  are  in  the  sections  which  cut  the  curve  of  the  organ  of  Corti 
tangentially. 

Fig.  2. — Outline  drawing  of  a  section  of  a  right  cochlea  of  a  guinea  pig  to  one  side  of 
the  modiolar  axis,  showing  the  position  of  what  has  been  termed  the  "vestibular  part" 
of  the  ductus  cochlearis  and  the  relations  of  parts  in  "oblique"  and  "tangential"  sections. 
Arabic  numerals  as  in  Fig.  1.     Guinea  pig  21,  right  cochlea,  slide  2,  row  1,  section  2,  15x. 

Figs.  3  to  14,  inclusive,  were  drawn  with  the  aid  of  a  camera  lucida  at  a  magnifica- 
tion of  885  diameters,  and  have  been  reduced  in  reproduction  to  295  diameters,  one-third 
of  the  original  size  of  the  drawing.  Being  at  the  same  magnification,  comparison  is  facil- 
itated. Figs.  3,  4,  and  12  are  drawings  of  sections  of  the  organ  of  Corti  in  normal  condition, 
and  are  presented  for  comparison  with  the  ones  having  lesions.  All  the  cochleae  were 
prepared  by  the  same  technic  and  the  sections  used  for  illustrations  were  selected  to 
present  the  typical  lesions  observed.  See  the  text  matter  for  the  technic  and  the  terminology 
used   in   designating  the   lesions. 

Fig.  3. — Drawing  of  a  normal  organ  of  Corti  in  radial  section.  Guinea  pig  21,  right 
cochlea,  slide  1,  row  4,  section  8,  second  half-turn,  295x.  As  is  well  known,  the  shape  of  the 
organ  of  Corti  varies  in  the  different  parts  of  the  ductus  cochlearis;  allowance  must 
be  made  for  this  in  comparing  this  drawing  with  those  of  lesions  in  other  parts  of  the  cochlea. 

Fig.  4. — Drawing  of  a  normal  organ  of  Corti  in  oblique  section.  Guinea  pig  41,  right 
cochlea,  slide   1,  row  5,  section  2,  second  half-turn,  295x. 
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Legends  for  Plate  II 

Fic.  5. — Organ  of  Corti,  with  first  degree  injury,  radial  section.  Guinea  pig  52,  left 
cochlea,  1-4-7,  third  half-turn,  295x.  The  outer  hair  cells  of  the  second  and  third  rows  are 
missing. 

Pio.  6. — Organ  of  Corti,  with  fust  degree  injury,  radial  section.  Guinea  pig  30,  left 
cochlea,  1-6-2,  first  half-turn,  295x.  The  outer  hair  cell  of  the  first  row  is  absent,  and  the 
nucleus  of  the  corresponding  Deiters'  cell  is  displaced  downwards. 

Pig.  7. — Organ  of  Corti,  with  first  degree  injury,  oblique  section.  Guinea  pig  47, 
right  cochlea,  1-5-5,  second  half-turn,  295x.  Compare  with  Fig.  4.  Some  of  the  cells  of 
each  row  of  outer  hair  cells  are  missing. 

Fig.  8. — Organ  of  Corti,  with  second  degree  injury,  radial  section.  Guinea  pig  40, 
left  cochlea,  1-3-2,  fourth  half-turn,  205x.  All  the  outer  hair  cells  are  missing  and  the 
Deiters'  cells  are  partially  destroyed.  Note  that  the  general  shape  of  the  organ  is  retained; 
it  is  different  from  that  of  Fig.  3,  but  is  the  normal  outline  for  this  part  of  the  cochlea. 

Pig.  9.— Organ  of  Corti,  with  third  degree  injury,  radial  section.  Guinea  pig  29,  left 
cochlea,  1-3-6,  fourth  half-turn,  295x.  The  shape  of  the  organ  is  lost,  being  crushed ;  there  is 
cellular  debris  in  the  spaces  of  the  organ;  the  outer  hair  cells  are  missing;  the  reticular 
membrane  in  this  case  is  broken  and  pieces  of  it  are  seen  scattered  through  the  mass. 

Fig.  10. — Organ  of  Corti,  with  fourth  degree  injury,  radial  section.  Guinea  pig  28, 
left  cochlea,  1-4-2,  third  half-turn.  295x.  The  severity  of  this  type  of  lesion  may  "be  seen 
at  a  glance ;  all  the  essential  parts  of  the  organ  of  Corti  have  been  destroyed.  Adhering 
to  the  scala  tympani  surface  of  the  basilar  membrane  may  be  seen  two  red  blood  cells  and 
one  leucocyte;  this  is  one  of  the  few  cases  where  even  this  much  hemorrhage  was  observed. 

Fig.  11. — Drawing  of  a  section  in  which  the  organ  of  Corti  has  been  almost  entirely 
replaced  in  48  hours  by  a  simple  epithelium.  Guinea  pig  50,  left  cochlea,  1-4-9,  third  half- 
turn,  295x.  This  is  the  only  instance  in  my  material  in  which  the  destruction  is  so  complete. 
I  have  not  given  it  a  designation  of  degree  as  was  done  with  the  types  of  lesions  which 
occurred  often. 
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Legends  for  Plate  III 

Fics.  12,  13,  and  14  should  be  compared  directly  in  order  to  interpret  readily  the  lesions 
shown  in  13  and  14.  All  three  are  drawings  of  sections  which  have  been  selected  as  being 
of  corresponding  parts  of  the  various  org-ans  of  Corti.  The  elements  of  the  organ  of  Corti 
have  been  labelled  in  Fig.  12  only;  reference  should  be  made  to  it  in  studying  Figs.  13  and  14. 
ObHque  and  tangential  sections  are  favorable  for  observing  lesions  because  of  the  number  of 
each  element  present  in  a  single  section. 

Fig.  12.— Normal  organ  of  Corti  in  tangential  section;  the  plane  of  section  is  parallel 
to  the  modiolar  exis.  Guinea  pig  33,  left  cochlea,  1-5-6,  junction  of  fourth  and  fifth  half- 
turns,  295x. 

Fig.  13.— Organ  of  Corti  with  first  degree  injury,  tangential  section.  Guinea  pig  27,  left 
cochlea,  1-5-2,  junction  of  fourth  and  fifth  half-turns,  295x.  When  compared  with  Figs.  5 
and  6,  which  are  of  radial  sections  of  the  organ  of  Corti,  the  nature  of  this  lesion  is  better 
understood ;  a  few  or  even  single  outer  hair  cells  are  missing  in  a  place.  iSuch  lesions  are 
not  artefacts  due  to  the  dropping  out  of  bits  of  the  tissue  during  or  after  the  sectioning, 
since  the  pieces  are  embedded  in  celloidin  and  there  is  no  evidence  of  such  vacancies  in  the 
celloidin,  which  is  itself  faintly  stained  and  would  therefore  show  gaps. 

Fig.  14.— Organ  of  Corti,  with  fourth  degree  injury,  tangential  section.  Guinea  pig 
28,  left  cochlea.  1-2-7,  junction  of  third  and  fourth  half-turns  295x.  Compare  with  Fig.  10, 
which  is  of  this  type  of  lesion  in  radial  section.  Comparison  with  Fig.  12  emphasizes  how 
much    destruction    has    occurred. 
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Legend  for  Plate  IV 

(Sec  pages   178   and   179.) 

For  the  explanation  of  the  general  i)lan  of  the  charts  and  of  the  symbols  used,  see- 
the text  matter,  page  159,  and  the  preceding  description  of  lesions.  The  numbers  in  pa- 
rentheses refer  to  the  notes  given  in  the  legends   for  the  individual  charts. 

Chart  I. — A  graphic  presentation  of  the  condition  of  the  organ  of  Corti  in  the 
cochleae  of  ears  which  were  entirely  open  when  exposed  to  the  detonation  produced  by  one 
shot  from  a  45  caliber  Colt  automatic  pistol,  fired  with  the  muzzle  at  15  cm.,  measured  from 
tiie  opposite  ear,  the  barrel  pointing  downward  about  20  degrees  from  the  horizontal  from 
above  and   in    front   of  tlie   animal   along  the  left  side. 

Chart  IT. — A  graphic  presentation  of  the  condition  of  the  organ  of  Corti  in  the  cochleae 
of  the  ears  which  had  the  open  rubber  ear  and  a  glass  tube,  of  the  dimensions  given  in  the 
chart  for  each  case,  placed  in  the  usual  way.  With  the  2.0  mm.  tube,  examination  of  the 
wax  packing  after  the  shooting  showed  the  presence  of  wax  in  the  end  of  the  tube  with 
animals  47  and  42.     (Cf.  Table  II  of  the  middle  ear  report.) 

Chart  III. — A  graphic  presentation  of  the  condition  of  the  organ  of  Corti  in  the 
cochleae  of  the  ears  which  were  protected  by  the  methods  indicated.  These  are  left  cochleae 
in  every  case,  and  the  position  of  the  gun  was  that  given  in  the  legend  for  Chart  1,  except 
that  the  distance  was  measured  from  the  protected  ear. 

(1)  (Animal  56)  The  fixation  of  these  turns  is  too  poor  for  one  to  be  certain  as  to 
possible   injuries   of   limited   extent,   there   are   none   of   large   extent. 

(2)  (Animal  53)  The  fixation  is  so  poor  that  the  sections  are  worthless  for  the 
determination  of  detonation  injuries. 

(3)  (Animal  30)  The  apex  of  this  cochlea  was  accidentally  crushed  during  its 
removal;  the  resulting  gross  distortion  is  too  great  for  one  to  be  certain  of  the  condition 
of  the  organ  of   Corti  in  these  apical  turns. 

Chart  IV. — A  graphic  presentation  of  the  condition  of  the  organ  of  Corti  in  the 
cochleae  of  ears  which  were  entirely  open  when  exposed  to  detonations  from  a  45  caliber 
Colt  automatic  pistol  with  other  than  the  usual  arrangement  (see  legend  to  Chart  I). 
The  distance  from  the  muzzle  and  the  number  of  shots  fired  are  indicated  in  the  chart  for 
each  case.  P'or  the  more  exact  position  of  the  gun  each  time,  reference  may  be  made  to 
Table  1  of  the  middle  ear  report. 

(1)  (Animal  18,  right  cochlea)  The  fixation  is  too  poor  for  one  to  be  certain  of  more 
than  the  general  condition;  there  may  be  other  areas  of  injury  of  small  extent,  but  there 
are  no  other  extensive  injured  zones. 

(2)  (Animal  18,  left  cochlea)  This  cochlea  was  not  entirely  sectioned  because  of 
poor  decalcification ;  the  areas  blocked  of?  are  those  not  sectioned ;  their  condition  is 
accordingly  unknown. 

Publisher's  Note.— The  exact  distribution  of  the  fourth  degree  injury  does  not  show 
clearly  in  these  charts  as  printed,  owing  to  the  lack  of  dififerentiation  of  the  intermediate 
and  dark  gravs. 
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CUMAlERCIAf.  arsi-lunaniiiu'  is  a  mixture  of  dihydroxydiamino-arscnoben- 
zcneclihydrochioridc,  il.s  oxidation  products,  mineral  impuritie-  chiefly  sulphur, 
water,  methyl  alcohol  and  etlier.  I^hrlich  and  Bertheim'  in  1912  dried  such  a 
mixture  in  a  stream  of  carlxju  dioxide  at  65°,  and  on  the  basis  of  a  combus- 
tion ascribed  to  it  the  formula  Ci^H.^O^XoAsXl,,  ICH^OH,  the  presence  of 
the  methyl  alcohol  being  substantiated  by  the  Mulliken  and  Scudder  test  per- 
formed on  the  distillate  from  an  aqueous  solution.  The  formula  as  now  given  in 
the  pamphlets  accompanying  the  drug  is  CioHi^O.,X2AsXM.,,  2H.JJ.  The  re- 
sponsibility for  tlic  latter  formula  can  not  be  stated,  although  Gaebel-  as  early 
as  1911,  speaks  of  two  molecules  of  water  which  are  lost  when  the  compound 
is  heated  in  a  current  of  dry  hydrogen  at  105^  The  present  author,  having 
obtained  a  strong  Mulliken  and  Scudder'  test  on  samples  of  German  salvarsan, 
American  salvarsan  and  diarsenol,  attempted  a  direct  determination  of  the 
alkoxyl  in  these  preparations,  combining  for  the  purpose  the  Zeisel,*  Gregor,^ 
and  Kaufler*'  methods.  The  sample  was  dried  in  a  current  of  washed  carbon 
dioxide  for  two-hour  periods  and  the  alkoxyl  simultaneously  distilled  into  hy- 
driodic  acid.  A  pipette  bent  into  a  U  served  as  the  drying  vessel  and  allowed 
the  sample  to  be  repeatedly  mixed  by   shaking.     The   results  are  tabulated. 


BRAND 

\VT.  OF 
SAMPLE 
GM. 

MG. 

LOSS    IX 

\VT. 

MG 

ALKOXYL,    CALC. 
AS  METHOXYL 

9c     LOSS 
IX  \VT. 

A 
B 

c 

0.5976 
1.2094 
1.2034 

65° 
20.2 
26.4 
22.4 

97° 
13.8 
20.0 
30.5 

125° 
12.4 
10.0 
21.7 

65° 
2.6 
4.5 
4.2 

Dist. 
07°      125°    Water 
0.6        5.5        0.5 
3.9        2.0        8.6 
3.1         1.0        9.2 

7.76 
4.60 
6.19 

The  progressive,  though  uneven  loss  of  weight  from  65=  to  12o-,  argues 
against  the  presence  of  water  of  crystallization  and  suggests  rather  hygroscopic 
moisture  or  water  of  occlusion.  The  methyl  alcohol  and  ether  is  probably  held 
in  the  same  way,  though  there  is  the  additional  possibility  that  part  of  it  is 
chemically  bound  to  the  arsphenamine  molecule  as  ester  or  ether.  Since  the 
distillation  of  the  alkoxyl  as  given  above,  is  complicated  by  the  formation  of 
halogenated  alkyl  arsenicals,  the  figures  given  can  not  be  strictly  accurate, 
but  they  show  that  a  considerable  part  of  the  loss  of  weight,  fonnerly  calcu- 
lated as  water  of  crystallization,  may  be  due  to  alcohol  or  ether. 

the;  question  or  esterikicatiox 

After  arsphenamine  has  been  heated  for  some  time  at  125'  in  the  manner 
described,  a  sublimate  of  fine  colorless  needles  collects  in  the  portion  of  the 
pipette,  directly  above  the  surface  of  the  bath,  and  the  fetid  alliaceous  odor  that 

^^m  the   Boston   State  Hospital,   Psychopathic   Department.   Boston,    Mass. 
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is  sometimes  noticeable  when  tlie  ampule  is  lirst  opened,  becomes  very  strong. 
The  crystals  are  very  soluble  in  water  and  alcohol,  give  a  white  precipitate 
with  silver  nitrate,  which  turns  brown  and  then  black,  and  with  iodine  and 
potassium  hydroxide  they  gi\c  a  strong  iodoform  reaction.  With  ferric  chlo- 
ride, the  same  blood-red  color  is  obtained  as  given  by  arsphenamine  and 
()-amino])henol.  but  when  digested  with  H.SO^-HNO,  and  reduced  in  the  Marsh 
generator,  the  crystals  give  no  trace  of  arsenic.  The  compound  is  then  an 
ester  or  ether,  ])ossessing  an  o-amino  group,  and  corresponds  with  o-anisidine 
hydrochloride,  the  crystals  of  which  sublime  undecomposed.  'J'he  fetid  al- 
liaceous odor  is  common  to  arsines,  and  in  this  case  seems  to  arise  from  a 
compound  soluble  in  ethyl  alcohol,  slightly  volatile  in  steam  and  very  slowly 
reduced  to  metallic  arsenic  in  the  Marsh  generator.  In  these  properties  it 
resembles  most  closely  methyl  arsenious  oxide,  AsCH^iO.  While  it  is  prob- 
able that  the  formation  of  o-anisidine  hydrochloride  and  of  methyl  arsine  is  in 
this  case  incidental  to  the  heating  process,  the  potentiality  of  a  like  esterifica- 
tion  exists  wdierever  arsphenamine,  methyl  alcohol,  and  hydrochloric  acid  are 
in  admixture.  During  the  manufacture  of  the  hydrochloride  salt,  a  great  ex- 
cess of  alcohol  and  acid  is  present,  and  through  oxidation  of  either  the  amino 
or  the  arseno  group,  the  acidity  of  the  R.OH  is  increased  and  the  probability 
of  esterification  either  during  the  stage  of  manufacture  or  in  the  ampule,  is 
enhanced.      The   reactions   representing   these   hypothetical    changes   are : 

1.  [HCl,  NH,.  QH3  (OH)  As:]  2  +  CH3OH,  HCl. 

2.  [HCl.   NH.,.  0,H3  (OH).  As  CH,.]  2  +  CH3OH,  HCl. 

3.  [HCl.  NH,.  C.H3  (OCH,).  AsCH,.]   2  +  0.,, 

4.  HCl.  NH,  C«H3  (OCH,) +AsCH3:0. 

OXIDATION   AT  THE  ARSENO  GROUP 

The  titration  of  arsphenamine  with  N/20  iodine  solution,''  is  not  a  direct 
measure  of  the  arsenic  content,  but  is  a  measure  of  the  stage  of  reduction  of 
the  arsenic  atom,  according  to  the  equation  : 

RAs  =  AsR  +  8I+6H,0=2   RAsH.Oa  +  S   HI 

When  arsphenamine  is  reduced  with  zinc  and  hydrochloric  acid,  the 
equation  becomes : 

2R  As  H,  +  121  +  6  H,0  =  2  R  As  H,0,  +  12  HI 

Hence  the  percentage  of  arsenic  calculated  on  this  basis  will  always  be 
lower  than  that  obtained  by  digestion  methods,  and  the  difference  must  rep- 
resent the  percentage  oxidation  that  the  sample  has  suffered  at  the  arseno 
group.  The  reaction  is  not  reversible,  as  suggested  by  Gaebel,«  the  endpoint 
i)eing  constant  and  independent  of  dilution.  Thus  diarsenol  showed  28.92  per 
cent  arsenic  by  direct  titration,  and  30.17  per  cent  by  Lehmann's  method;'' 
American  salvarsan  28.70  per  cent  by  titration  and  30.10  per  cent  by  digestion, 
while  German  salvarsan  showed  29.51  i)er  cent  and  30.70  per  cent,  respectively. 
rtirirscnol  was  therefore  1.25  per  cent  oxidized  at  the  arseno  group;  American 
'    iisau,  1.40  per  cent;  and  German  salvarsan,  1.20  per  cent. 
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OXIDATION    AT   Till-,   AMINO  CROCr 

^riu'  amount  of  oxidation  at  the  amino  f^roup  may  he  measured  hy  titration 
Avith  s()(huin  nitrite  sohition.'"  In  the  sami)les  of  (k-rman  anfl  American  sal- 
varsan  and  (harsenol  examined  it  was  found  to  he  practically  nil.  In  acid 
solution  upon  exposure  to  air  there  is  a  slow  i)rojjressive  oxidation  to  the  nitro- 
.arylarsinic  acid,  f^Mvinsj;^  a  pink  color  to  the  solutiftn.  The  alkaline  solution 
siniilarK  rxposed,  and  prox  idcd  that  the  excess  of  alkali  i>  not  over  five  mole- 
cules, f^radually  becomes  green,  probably  due  to  the  formation  and  oxidation 
■bi  an  o-dihydric  phenol,  ammonia  being  freed.  Arguing  from  the  behavior  of 
pyrocatechol  and  o-aminophenol,  when  mixtures  of  these  are  exposed  to  air, 
•one  molecule  of  the  diliydric  plienol  in  (luestion  then  probably  rearranges  it- 
self with  one  molecule  of  the  unaltered  arsphenamine  base,  giving  upon  oxi- 
dation a  red  solution.  From  this  there  later  sej)arates  a  dark  red-brown  pre- 
cipitate, leaving  a  colorless  supernatant  fluid.  This  j)recipitate  is  arseniureted 
and  is  probably  a  phenoxazine  derivative,  since  it  is  decomi)Osed  by  alcoholic 
potash,  gives  a  violet  color  with  concentrated  sulphuric  acid,  is  insoluble  in 
water  and  soluble  in  concentrated  hydrochloric  acid  to  a  light  red  solution. 

REDITTION    TO    ARSPHENAMINE 

Aside  from  the  intrinsic  toxicity  of  the  impurities  that  may  occur  in  com- 
mercial arsphenamine  there  must  be  considered  the  relative  ease  with  which 
these  compounds  give  up  their  arsenic.  The  therapeutic  utility  of  organo- 
metallic  compounds  depends  upon  their  inability  to  ionize,  except  insofar  as 
the  metal  may  form  part  of  a  complex  anion.  By  thus  linking  the  metal  to 
carbon  the  characteristic  oxide  action  is  aboHshed  and  the  unique  effect  of  the 
molecule  as  a  whole  is  obtained.  There  is  evidence  that  the  inability  to  ionize 
is  not,  for  all  organometallic  compounds,  an  absolute  one.  Thus,  sodium  caco- 
dylate,  even  in  fresh  solutions,  is  progressively  reduced  to  metallic  arsenic  by 
zinc  and  hydrochloric  acid.  Arsphenamine,  freshly  dissolved,  does  not  ordi- 
narily yield  more  than  a  trace  of  metallic  arsenic  when  reduced  in  the  Marsh 
generator.  Within  an  hour  or  two,  however,  especially  if  the  solution  has 
been  alkaline,  as  much  as  5  to  10  per  cent  of  the  arsenic  may  be  torn  from  its 
carbon  anchorage.  Using  exactly  the  same  weight  of  zinc  and  hydrochloric 
acid,  and  the  same  amount  of  arsphenamine  (2  mg.),  the  reduction  is  power- 
fully catalyzed  by  the  solution  that  has  stood  an  hour  or  two,  whereas  the 
fresh  solution  has  no  accelerating  affect.  Similarly,  a  zinc-platinum  couple 
placed  in  a  phenoxazine  containing  solution,  brings  down  a  heavy  deposit  of 
arsenic,  whereas  this  does  not  occur  in  fresh  solutions.  One  is  then  forced 
to  conclude  that  the  ability  to  ionize  increases,  the  more  oxygen  is  brought 
into  union  with  the  metal,  and  that  the  union  of  arsenic  with  methyl,  likewise 
weakens  the  C-As  linking. 

REACTIONS    WITH    COMMERCIAL    .\RSPHENAMINE  '    . 

The  immediate  action  of  arsenous  oxide  is  to  produce  a  vasoparesis, 
whereby  there  results  a  fall  in  blood  pressure  and  exudation  of  fluid.  On  the 
heart,  it  acts  like  hydrocyanic  acid,  and  according  to  Schmiedeberg^^  it  is  only 
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when  injoott'd  inlo  llu-  l)lo()(l  sircam  thai  it  causes  paralysis  of  that  organ. 
The  symptoms  of  sul)acute  and  chronic  poisoning  arc  more  famihar,  and  upon 
autopsy  resolve  themselves  into  fatty  degeneration,  chiefly  of  the  heart,  liver^ 
and  kidney.  In  this  hospital  the  "nitritoid"'  reactions  have  been  more  numer- 
ous, since  the  employment  of  arsphenamine  of  other  than  German  manu- 
facture became  necessary.  From  this  it  may  be  argued  that  the  ill  effects  are 
not  due  to  arsphenamine  itself  or  to  errors  in  technic,  but  to  preformed  deg- 
radation products  of  the  base  or  of  its  congeners,  which  either  did  not  exist 
in  the  German  ])roduct  or  were  there  ])resent  in  subliminal  amount.  The 
sample  of  German  salvarsan  examined  was  oljtained  from  the  Peter  Bent 
Brigham  Hospital,  and  represents  a  lot  purchased  since  the  outbreak  of  the 
war.  Ormsby  and  MitchelP-  state  that  the  later  importations  of  salvarsan 
were  found  to  l)e  distinctly  more  toxic  than  those  made  before  the  war,  and 
as  considerable  doubt  has  been  expressed  concerning  the  source  of  much  of 
this  material,  it  is  impossible  to  state  whether  the  genuine  German  salvarsan 
contained  combined  meth}l  alcohol.  The  presence  of  the  latter  is  incident 
to  the  manufacture  of  the  hydrochloride  salt,  and  the  amount  would  be  gov- 
erned by  the  age  of  the  sample  and  the  completeness  of  the  drying  process. 
Neoarsphenamine  may  or  may  not  contain  combined  methyl,  since  there  is  one 
process^^  of  manufacture  at  least  which  does  not  involve  the  use  of  methyl 
alcohol. 

PREPARATION    01?   ARSPHENAMINE    SOLUTION 

Danysz^"*  regards  the  "nitritoid"  reactions  as  evidence  of  the  precipitation 
of  arsphenamine  base  into  the  blood  stream.  It  is  true  that  the  monosodium 
phenolate  is  precipitated  by  the  carbon  dioxide  of  the  air,  and  the  disodium 
salt  is  similarly  precipitated  after  a  longer  time.  In  other  words,  carbonic 
acid  is  a  stronger  acid  tha-n  arsphenamine,  and  will  abstract  sodium  from  the 
salts  of  the  latter.  While  blood  serum  is,  in  a  sense,  a  bicarbonate  solution 
and  contains  free  carbon  dioxide,  the  circulating  blood,  if  anything,  function- 
ates as  a  weak  base.  Its  hydrogen-ion  concentration  varies  directly  as  the 
ratio  H-iCOs/NaHCOg,  and  the  normal  value  of  Ch  for  the  human  blood  is 
given  as  about  lO'*-^,  a  value  that  is  closely  adhered  to  in  health.  It  is  there- 
fore difficult  to  see  how  sodium  can  be  abstracted  from  the  monophenolate 
when  the  latter  is  intravenously  injected,  though  this  may  occur  in  the  test 
tube.  The  addition  of  monophenolate  also  increases  the  opalescence  of  globulin 
solutions,  and  this  also,  in  a  sense,  is  a  precipitation,  though  it  is  not  com- 
parable with  the  milkiness  of  some  sera  obtained  in  life  from  cases  of  late 
vascular  degenerative  syphilis.  It  is  significant  that  the  "nitritoid"  reactions 
apparently  occur  more  frequently  in  hospital  than  in  private  practice.  In  the 
former  case  the  arsphenamine  solution  is  generally  made  up  in  quantities  suf- 
ficient for  a  dozen  or  more  injections  and  the  alkalized  solution  is  allowed  ta 
stand  for  an  hour  or  two.  Some  solutions  give  a  garlic-like  odor  when 
freshly  prepared;  others,  not  until  they  have  stood.  This  circumstance,  to- 
gether with  the  size  of  the  dose  and  the  idiosyncrasy  of  the  patient  determines 
wdiether  a  reaction  will  or  will  not  be  obtained.      Once  injected,  the  occurrence 
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of   suhacutc  or  chronic   symptoms   is  dck-rmincd   hy   the   margin   that  exists  or 
can  he  made  to  exist  hetween  the  eliminali(;n  oi  the  drufj  and  its  reduction  hy 

the  tissues. 

su^r^rARY 

ComiiK'iri.il  ar>]iluiiaiiiinc  iiia\  contain  an  arseniureted  methyl  compound, 
which  (kconiposes  either  in  the  ampule  or  in  solution,  with  liheration  of 
arsenous  oxide  or  a  cacodyl-like  suhstance.  Sf)me  ])reparations  betray  the 
presence  of  the  arsine  by  their  g^arlic-like  odor  when  dissolved;  others  develop 
it  only  alter  haNini,"-  stood  in  solution  for  hours.  According  to  the  amount 
that  ma\-  ha\e  accumulated,  the  dosage  and  the  idiosyncrasy  of  the  patient,  a 
reaction  marked  by  fall  in  blood  pressure,  dyspnea  and  cyanosis  may  occur. 
Once  the  drug  has  I)cen  injected,  the  occurrence  of  subacute  or  chronic  arsenic 
poisoning  is  determined  by  the  margin  that  exists  or  may  be  made  to  exist 
between  its  elimination  and  its  reduction  by  the  tissues.  There  is  evidence 
that  this  reduction  to  metallic  arsenic  occurs  too  readily  for  safety  with  present 
commercial  preparations  of  arsphenamine. 

The  work  was  prematurely  terminated  because  of  conditions  brought  on 
by  the  war,  and  the  results  are  therefore  not  conclusive.  The  preparation  of 
a  neoarsphenamine  without  the  use  of  methyl  alcohol  and  a  study  of  its  ther- 
apeutic behavior  would  do  much  to  prove  or  disprove  the  hypotheses  advanced. 
I  am  deeply  grateful  to  Dr.  Lawson  G.  Lowrey,  of  this  hospital,  for  his  val- 
uable cooperation  in  the  work. 
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THE  ROLE  OF  TUBERCULOSIS  IN  DEMENTIA  PRECOX* 

(Preliminary  Study) 


By  H.  I.  GoSLiNiv,  M.D.,  WokckstivR,  Mass. 

TY\E  relations  of  [he  numerous  forms  of  tuberculosis  of  the  various  orf^ans 
which  ha\e  ])r()\c(l  ihemsehes  so  \aluable  a  study  both  from  the  stand- 
j)()int  of  public  health  and  from  that  of  the  research  specialist  have  received 
little  if  any  attention  from  ]isychiatrists  since  the  time  of  Kahlbaum  in  1873 
(September).  At  the  meeting  of  the  Massachusetts  Medical  Society,  June, 
1916,  it  was  stated  in  the  Section  on  Tuberculosis  that  insanity,  especially  de- 
mentia precox,  was  one  of  the  predisposing  causes  of  tuberculosis.  This  was 
the  opinion  of  Kahlbaum,  held  many  years  ago  with  regard  to  catatonia.  At 
that  time  he  ])ointed  out,  without  laying  any  special  stress  u])on  them,  the 
symptoms  clinically  known  as  those  accompanying  tuberculosis  such  as  sweats, 
drowsiness,  and  loss  of  weight.  He  mentioned  headache,  and  at  times  the 
bowels  show  diarrhea  or  are  costive.  Despite  Kahlbaum's  dominant  interest 
in  the  intracranial  findings,  we  find  him  saying  that  tuberculosis  occurred  in 
five  of  the  seven  cases  which  came  to  autopsy,  making  a  percentage  of  71.3.  Not 
only  has  there  been  no  advance  over  Kahlbaum's  time  in  the  discovery  of  the 
relationship  between  tuberculosis  and  dementia  precox,  but  we  have  made  little 
if  any  advance  in  our  separation  of  paresis  from  dementia  precox,  in  cases 
that  are  mentally  on  the  border  line.  Even  now,  in  spite  of  the  added  advan- 
tages of  the  A\'assermann  technic  on  blood  and  spinal  fluid,  we  frequently  find 
cases  coming  to  autopsy  with  the  diagnosis  of  dementia  precox  which  clinically 
showed  neurologic  evidence  of  syphilis  of  the  central  nervous  system  and  wdiich 
at  autopsy  show  granulations  in  the  fourth  ventricle  or  other  incriminating  evi- 
dence. As  for  the  confusion  of  alcoholic  cases  with  dementia  precox  we  have 
made  no  advance  whatever.  As  a  matter  of  fact,  we  have  turned  the  other 
way  and  there  is  a  tendency  today  to  consider  alcohol  as  an  incident  in  dementia 
precox  rather  than  as  a  possible  cause  of  the  clinical  picture. 

With  regard  to  the  relation  of  tuberculosis  to  dementia  precox,  Kraepelin 
has  made  a  real  advance  perhaps  in  considering  that  the  confinement  of  the 
patient  is  a  predisposing  cause  to  tuberculosis  rather  than  the  tension  or  passive 
resistance  of  the  muscles  of  the  thorax,  which  was  Kahlbaum's  idea  of  the 
patient's  predisposition  to  tuberculosis. 

It  is  the  purpose  of  the  following  study  to  establish  somewhat  more  def- 
initely from  a  statistical  point  of  view,  the  relation  which  apparently  exists  be- 
tween tuberculosis  and  dementia  precox.  The  percentage  of  dementia  precox 
cases  resulting  in  death  from  tuberculosis  is  somewhat  higher  than  Kahlbaum's 
figures  when  studied  over  a  slightly  longer  series,  and  it  is  possible  that  Kahl- 
baum's percentage  would  have  been  somewhat  larger  if  careful  pains  had  been 

*From  the   Laboratory   of  the  Worcester   State  Hospital,    Worcester,    Mass. 
I'UBLiSHEs's   Note. — The   second   report    of   this   series   will    appear   in    an   early    issue. 
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Irikcii  to  lulc  (Hit  lliosc-  cast's  \\hicli  had  an  alc-oliolic  histfjry  or  which  j,'avc  cvi- 
ck'iicc  rhuiially  <>v  pathologically  of  haxint,'  sulTcrcd   from  syphilis. 

Rulin.i;  out  these  cases  together  with  iho-c  which  possibly  were  suffering 
with  s(inu'  other  iut'ection  at  the  lime  of  onset  oi  their  j^sychosis,  wc  have  a 
]iercenta,ne  in  thiitv  cases  of  73..^  who  died  of  tuberculosis.  'Hie  percentage  of 
dementia  precox  cases  affected  with  tuherculo-is  should  he  higher  than  the 
figures  show  li\  ciui'-idering  merely  death  in.  dementia  precox.  In  a  great  major- 
ity of  the  ren)ainin!4  jn'rcentage  we  will  fmd  a  history  of  tuberculosis  paralleling 
or  antedating  the  history  of  the  mental  disease.  The  reason  for  the  i>resent  low 
percentage  is  the  obvious  one,  our  lack  of  clinical  methods  for  the  discovery 
and  early  diagnosis  of  that  most  jai/./ling  of  diseases,  tuberculosis.  Even  with 
the  modern  (le\  I'lopment  of  the  roentgen  ray  in  the  diagnosis  of  pulmonar)^ 
cases  and  with  our  added  knowledge  of  the  early  clinical  signs,  our  clinical 
methods  are  admittedly  deficient.  We  no  longer  cxi)ect  to  find  the  tubercle 
bacillus  in  the  sputum,  urine  or  feces  in  order  to  make  our  diagnosis,  and  yet 
we  know  that  m,an\-  cases  pass  through  the  hands  of  competent  physicians  with- 
out recognition.  Anatomically,  the  condition  is  just  as  difficult  of  accurate  diag- 
nosis. It  is  well  known  that  there  is  difficulty  in  distinguishing  tuberculosis 
from  syphilis  microscopically  or  macroscopically.  The  diagnosis,  then,  is  not 
infrequently  made  wrongly,  not  only  before  death  l)ut  after  death.  On  the  men- 
tal side  the  picture  is  even  more  confusing.  We  know  that  alcoholics  may  give 
the  picture  of  dementia  jjrecox  and  that  general  paretics  may  appear  like 
catatonics  at  times.  Various  infections  may  be  accompanied  by  catatonic  symp- 
toms. There  is  no  way  from  the  mental  picture  to  distinguish  the  cause  of 
the  disease.  It  is  doubtless  true  that  many  more  errors  creep  into  mental  diag- 
nosis than  into  ordinary  physical  diagnosis. 

Though  death  from  dementia  precox  is  a  small  matter,  disability  from 
dementia  precox  is  a  large  matter.  Upon  the  disabling  factor  in  dementia 
precox  rests  a  fair  part  of  the  necessity  for  large  institutions  for  the  care  of 
the  insane.  In  certain  parts,  between  75  and  90  per  cent  of  the  permanent 
population  of  these  hospitals  is  made  up  of  patients  who  have  suffered  from 
dementia  precox  and  who  are  mentallv  incai)ab1e  of  carrying  on  an  independent 
existence  any  longer. 

The  present  study  is  based  upon  108  cases  which  have  come  to  autopsy  since 
the  institution  of  a  permanent  laboratory  in  this  Hospital.  This  number  is 
practically  8  per  cent  of  the  total  number  of  autopsies  performed  in  that  period. 
The  cases  were  thoroughly  reviewed  by  the  writer  and  all  those  discarded  which 
gave  a  history  of  alcohol,  syi)hilis,  or  infectious  disease  coming  on  at  the  onset 
of  mental  signs,  or  which  gave  anatomic  evidence  of  syphilis,  or  which  nientall\" 
might  be  classed  under  any  other  category  than  dementia  precox,  or  in  which 
there  was  some  doubt  as  to  the  diagnosis  in  the  minds  of  certain  members  of 
the  staff.  vSo  treated,  there  were  63  cases  of  the  108  that  could  be  promptly 
discarded.  Tuberculosis,  as  a  cause  of  death,  necessarily  could  not  save  them. 
The  one  criterion  as  to  whether  they  should  be  retained  was  that  they  should 
be  undoubted  cases  of  dementia  precox.  Fifteen  cases  showed  special  features 
which  put  them  outside  .the  pale  of  frank  dementia  precox  because  there  might 
be  a  possibility  of  discussion  pro  and  con.     This  left  a  total  of  30  cases  which 
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were  retained  as  a  basis  for  this  stud_\'.  Of  this  number  21  died  of  tuberculosis 
of  various  org^ans,  cbiefly  of  the  lunq^s.  One  died  of  puhnonary  abscesses  from 
which  tubercle  bacilli  were  discovered  in  the  smear.  These  22  cases  thus  make 
n  percentage  of  To. 3  dxing  of  tuberculosis. 

That  one  ma}'  ha\e  an  adequate  basis  of  knowledge  of  the  way  in  which 
the  cases  were  selected,  a  short  review  of  the  discarded  cases  will  be  attempted 
first.     Table  I  is  a  list  of  discarded  cases.* 

Table  I 


<:ase  no. 


CAUSE  OF   DEATH 


REMARKS 


TII-9 

Retention  of  urine. 

III-37 

Cerel)ral  hemorrhage. 

IV-21 

Edema  of  lunjts. 

IV-25 

Lobar    pneumonia.       Pulmonary 

embohis. 

IV-37 

Pulmonary  tuberculosis. 

IV-42 

Pulmonary  tuberculosis. 

V-35 

Apoplexy. 

V-42 

VI-30 
VI-40 

VI-41 


VI-62 


XI-l: 


Pulmonary  tuberculosis. 

Pulmonary  tuberculosis. 
Bronchopneumonia. 

Acute  peritonitis. 


Enterocolitis.     Vegetative   endo- 
carditis. 


VII-1  Pulmonary   tuberculosis,   entero- 

colitis. 

VII-9  Pulmonary,   intestinal,    laryngeal 

tuberculosis. 

VIII-15       Suicide  bv  hanging. 


IX -2 

Bronchopneumonia. 

IX- 19 

Acute     miliary     tuberculosis. 

(First    called    sarcoma    bron- 

chial  glands.) 

IX-31 

Heart  failure. 

IX-82 

Pulmonary  and  intestinal  tuber- 

culosis. 

X-9 

Tuberculous  enteritis. 

X-10 

"Cardiac  incompensation." 

X-20 

Dermoid     cyst    with     carcinoma 

(hemorrhage). 

X-49 

Heart  disease. 

X-76 

Heart  failure. 

Sarcoma  of  jaw. 


*The   question    of   mistaken    diagnos's    does    not 
etiidy  for  reasons  which  will  be  apparent. 


Granulations  of  IVth  ventricle. 
No  hallucinations  or  delusions. 
Patient  had  fits   (?). 
Question  of  imbecile. 

Patient   had   fits    (?). 

Granulations  of  IVth  ventricle   (?). 

Hemorrhage  at  40  years.  Body  tissues  not 
examined. 

X^o  delusions  or  hallucinations  (?).  Patient 
and  father  alcoholic. 

(?)    Idiot  or  juvenile  paretic. 

(?)  Toxic-infection-exhaustion.  Pneumonia, 
nephritis,  diphtheria,  and  bronchopneumonia. 

(?)  Idiocy.  Seizures  at  65  years.  Old  tuber- 
culosis, intestinal  ulcers  (tuberculosis  or 
cancer? ). 

(?)  Infection-exhaustion.  Acute  onset  at  54 
(10  to  20  days),  (?)  nephritis,  old  tuber- 
culosis. 

Alcohol  and  polyuria. 

Maniacal,  prostitute,  alcohol   (?),  lues   (?). 

Psychopath  (?),  manic  depressive  (?),  hys- 
teriform  tantrums,  freudian  complex  (?), 
fits  at  7  or  8.  Old  tuberculosis,  cystic  ova- 
ries. 

"Chronic  mania"  (?),  manic  depressive,  tan- 
trums, suggestible.     Pulmonary  tuberculosis. 

Syphilis  with  secondaries.  Absent  k.  j.,  pupils 
stiff  to  accommodation,  (?).  Babinski ;  no 
hallucinations. 

No  hallucinations  or  delusions,  three  attacks. 
Rales,  markedly  costive.     Old  pleurisy. 

Two  attacks.  (?)  history  of  lues.  One  child, 
one  miscarriage. 

(?)  Imbecile.  Moderate  alcohol.  Old  tuber- 
culosis. 

Suicidal.     Fear  affect.     Old  tuberculosis. 

Fear  affect.     Some  alcohol. 

No  delusions.     Autopsy  incomplete. 

Onset  at  63.  "Depressive  delirium."  (?)  Pre- 
senile.   Old  pleurisy. 

(?)  Alcohol  and  syphilis.  Pulmonary  tuber- 
culosis. 

enter   here.      These    cases    were    not    suitable    for   this 
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Table  .1— (CoNtrNUED) 


CASE  NO. 


CAUSE  OP  DEATH 


REMARKS 


XI-25  Duodenal  perforation  and  peri- 

tonitis. 
XI-30  Uremic  convulsions. 

XI-44  I'lTiiicious  anemia. 


XI-52  Basilar   meningitis. 

XIII-4         Broncho-   and   lobar   pneumonia. 
XIV-l?       Acute  pulmonary  edema.     (Car- 
diac dilatation.) 


Xl\'-42  Acute  dilatation  of  heart.    Acute 

hemorrhagic  pancreatitis. 

XV-6  Ruptured  heart. 

XV-22  General  peritonitis. 

X\'-50  Clironic   colitis. 

XV-58  Acute  colitis. 

XV-67  Acute  colitis. 

XV-74  Exhaustion. 

XV-79  Gangrene.     Cellulitis. 


X\'-84  Pulmonary  and  intestinal  tuber- 
culosis. 

XVI-37  Chronic  valvular  endocarditis. 
Anasarca. 

X\'TT-4        Miliary  tuberculosis. 

X\'II-16     Multiple  abscesses. 

X\'II-25  Chronic  nephritis  (pyelo-).  Ede- 
ma of  lungs. 

X\'II-40     Abdominal  carcinosis. 


X\"II-74      Bronchopneumonia. 
13-3  Lobar  pneumonia. 


13-10 
13-31 
13-35 
13-:0 
13-46 
14-8 

14-21 


Aneurysmal  dilation  of  heart. 
Pulmonary  infarct  and  edema. 

Acute  pancreatitis  (?).  Fat  ne- 
crosis.    Cholelithiasis. 

Cardiac  aneurysm.  Coronary 
sclerosis. 

Septic  decubiti.  .-Kbscess  of  lung. 
Vegetative  endocarditis. 

Acute  enteritis.  Early  peritoni- 
tis. 

Decubiti.     Septicemia   (?). 


Suicide  bv  hanging. 


Patient  claims  delirium  tremens. 

Xo  history.  "Hysteriform  seizures."  Admits 
exposure.     Xcurologic  si^ns. 

(?)  Freudian.  1st  husband  luetic?  Operation 
"erosion  of  womb"  (?),  pulmonary  tuber- 
culosis.    Pleural  cflfusion. 

Onset  at  50.  .Mcohol.  "Crazy  after  men." 
"Faints."    Clinical  t.  b.    Previous  typhus. 

.\utopsy  incomplete. 

(?)  Epileptic  imbecile.  9  attacks.  1.  Acute 
mania  following  grippe.  2.  Secondary  de- 
mentia. 3.  Recurrent  melancholia.  4.  Re- 
current melancholia   (manic).     .-Mcoholic. 

(?)   Infection.     Acute  mania.     Convulsions. 

Incomplete  history.     Tuberculosis  at  apex. 

"Tubes  reddened."  Acute,  following  tonsillitis. 
Apical  scars,  double  plastic  pleurisy. 

Onset  at  42.  (?)  Manic  depressive,  atypical. 
Old  pleurisy.     Pupils   unequal,  postmortem. 

"Fantastic  paranoia."  "Paranoid  condition" 
(?)    Imbecile.     Followed  injury.     Alcoholic. 

No  past  history. 

-Autopsy  incomplete. 

(?)  Manic  depressive.  (?)  Paresis.  .Admits 
exposure.  Alcohol.  K.  j.  and  pupils  un- 
equal. Granulations,  IVth  ventricle.  Old 
tuberculosis. 

Alcohol.     (?)  Lues. 

Immoral.     Glands   enlarged.     Alcohol.     K.    j. 

diminished. 
Xo  history.     Xo  notes  1902-1911. 
Syphilis.     Alcohol. 
(?)    Constitutional  inferior.     Some  "drink." 

(?)  Constitutional  inferior.  X'o  delusions  or 
hallucinations.  Alcohol.  Admits  exposure. 
Old  pleurisy. 

(?)  Paranoid  condition  in  constitutional  in- 
ferior.    (?)   Syphilis.    Old  pleurisy. 

(?)  Constitutional  inferior.  X'o  hallucinations. 
Onset  at  menopause  at  42.     Apical  scars. 

(?)  Syphilitic  paranoid  condition.  Moderate 
alcohol.    Granulations  IVth  ventricle. 

Onset  at  40.  (?)  Septic  or  tuberculosis  tem- 
perature. 

(?)  Infection-Exhaustion.  Adhesive  peri- 
carditis.   Apical  scars. 

"Coincident  with  muscular  rheumatism."  On- 
set at  52. 

Syphilis  with  secondaries. 

Tuberculosis  temperature.  Absent  knee  jerks. 
Some  pleural  adhesions.  Sclerosis  of  pos- 
terior columns. 

(?)  Psychopath  with  manic  depressive.  Pul- 
monary tuberculosis. 
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Table   I— (Continued) 


CAITSK  01"  HEATH 


REMARKS 


14-27  Postoperative   plastic   peritonitis. 

Carcinoma  sigmoid  with  intes- 
tinal   obstrnction. 

1915.6  Tiilnionary  tuhcrcnlosis. 


1915.21        Bronchi  >pncinnonia.     Pellagra. 


1915.29        I'ronchopnenmonia. 

1915.40  Acute  Iiemorrhagic  pancreatitis. 
Sclerosis  xmd  constriction  left 
coronar}-  with  thrombus. 

1915.45        Pellagra. 

1916.29  Lobar  pneumonia.    Parenchyma- 

tous nephritis. 

1916.30  Carcinoma  sigmoid    and  rectum. 
1916.32       Catalepsy. 


(?)  Defective.    Old  pleurisy. 


(?)  Cerebrospinal  syphilis.  Blood  positive, 
spinal  fluid  doubtful.  Tuberculosis  in  spu- 
tum. 

(?)  Defective.  \W.  R.  Hlood  doubtful,  then 
negative.  Gumma  of  liver  (?).  Apical 
scar. 

One  faint.  (?)  Prostitute.  Old  pleurisy  and 
"latent"  tuberculosis. 

Alcohol. 


Alcohol.     (?)  Lues.     Wife  had  miscarriages. 
Onset  at  53.     No  hallucinations.     Old  pleurisy. 

(?)   Toxic-exhaustion. 

Temperature.     Influenza  in  sputum  atid  blood: 
(taken  at  autopsy). 


A  brief  summary  will  re\eal  certain  clinical  and  certain  pathologic  data 
on  which  the.se  cases  are  dismissed.  Of  the  clinical  reasons  are  the  fact  of 
absence  of  hallucinations  or  delusions  in  certain  cases,  the  presence  of  con- 
vulsive seizures,  the  question  of  imbecility,  constitutional  inferiority,  p.sycho- 
pathic  personality,  manic  depressive  insanity,  alcoholic  p.sychosis,  syphilitic  his- 
tory or  other  evidence  of  syphilis,  or  the  presence  of  certain  other  factors  of  a 
toxic,  infectious,  or  exhaustive  nature.  On  the  pathologic  side  the  factors  are 
granulations  of  the  IVth  ventricle,  cerebral  hemorrhage  at  the  age  of  forty, 
adhesive  pericarditis,  and  question  of  gumma  of  the  liver.  A  few  cases  had 
incomplete  records. 

It  will  be  noted  that  tho-e  is  frequently  a  history  of  tuberculosis  in  these 
patients  and  some  died  of  the  disease  but  this  has  not  been  used  as  a  reason  for 
retaining  cases. 

Table  II  is  a  list  of  the  cases  retained. 


T.^Bi^E  II 


CASE   NO. 


CAUSE  OF   DEATH 


REMARKS 


11-31  Deglutition    pneumonia 

III-6  Gangrene  of  lungs. 

III-14  Pulmonary  tuberculosis. 

III-24  Pulmonary  tuberculosis. 

III-31  Pulmonary  tuberculosis. 

III-43  Pulmonary  tuberculosis. 

IV-8  Pulmonary  tuberculosis. 

IV-16  Pulmonary  tuberculosis. 

IV-18  Pulmonary  tuberculosis. 

IV-47  Tuberculosis  of  lungs,  liver,  kid- 
neys,  spleen. 

V-3  Pulmonary  tuberculosis  (tuber- 
culous pneumonia). 

V-39  Pneumonia. 


Pleural  cavities   obliterated.     Left  upper  lobe,, 

radiating  scar  and  bronchiectatic  cavities. 
(?)  Tuberculous.     Old  tubercles  at  apex. 


Tuberculosis  of  li\cr  and  kidneys. 


Clinicallv  and  anatomicallv  tuberculosis. 


Till;  uoi,ic  oi"  tii;i;kcl'i,usis  ix  dkmkntia  rkixox 
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TabUK   II — (CONTINUEU) 


CASE  NO. 


CAUSE  OF  MEATH 


REMARKS 


VI -33  Cancer  of  duodenum. 


VII-25         I-.ndocarditis. 

VI 1-41  Pulmonary  tuherculnsis. 

VI 1-46  Pulmonary  and  intestinal  tuber- 
culosis. 

VII 1-3  Pulmonary  tulierculosis. 

X-21  Bronchopneumonia. 

XII-28  Tuberculosis  and  mitral  insuffi- 
ciencx'. 

X 11 1-17        Pulmonary  tuberculosis. 

X\'I-22  J.obar  inicumonia  (i)ncumococ- 
cus  meningitis). 

XVI-23       Pulmonary  tuberculosis. 

XVII-43  Tuberculous  intestinal  ulcers. 
Acute  degenerative  nephritis. 

XVI 1-57  Typhoid  fever.  Gangrenous  cel- 
lulitis, pelvis. 

14-7  .\bscesses  of  lung. 

1915.18  Pulmonary  and  intestinal  tuber- 
culosis. Acute  vegetative  en- 
docarditis. 

1915.25  Fibroid  phthisis.  Chronic  inter- 
stitial nephritis. 

1916.25        Tuberculosis,   ileum,    etc. 

1916.36       Double  lobar  pneumonia. 

1916-.37        Chronic    interstitial    mvocarditis. 


Liver  affected.  Death  at  31.  Clinically  tuber- 
culosis and  anatomically  tuberculosis  of 
lungs.  Father  and  mother  flicd  of  tuber- 
culosis. 

Old  tuberculosis  anatomically. 

Hemorrhages.     (?)  Tubercles  of  pia. 

Positive  sputum.     .Mbumin  and  casts. 


(  ?  )  Old  tuberculosis. 

.\cute  course  of   10  days'  duration. 

Rapid   course. 

Old  i)leurisy  and  pulmonary  tuberculosis. 


Old     pulmonary     tuberculosis.      "Frontal     en- 
cephalitis." 
Old  pleuris\'.     .\pical  scars. 

Smear   from  abscess  positive   for  tuberculosis. 


Solitary  tubercle  brain  and  cerebellum. 

Old  pleurisy. 

Old  pleurisy.     (?)  Tubercle  of  spleen. 


Certain  of  these  cases  show  a  remarkably  intimate  connection  between  the 
course  of  their  i)hysical  disease,  tuberculosis,  and  the  course  of  their  psychic  dis- 
turbance. This  type  of  case  has  been  described  by  Claude  and  Rose^  and  by 
them  has  beei%  considered  in  the  grout)  of  Toxic-Infection  Psychoses.  The  num- 
ber of  cases  in  the  present  study  which  resemble  that  of  the  French  writers  is 
seventeen.  These  will  receive  special  attention  in  a  separate  study.  It  is  fit- 
ting that  they  shouUl  l)e  considered  in  the  present  group  of  dementia  precox 
cases  until  such  time  as  they  shall  recei\e  proper  recognition  as  belonging  to  the 
toxic-infectious  group. 

Doubtless  tlie  dementia  precox  grou[)  will  in  the  future  be  further  split  up 
on  the  physical  side,  as  the  start  has  already  been  made  in  splitting  off  paresis 
and  those  cases  of  an  iiifectious  origin.  Ikit  the  psychic  complex  can  never  be 
split  into  anything  but  its  p'^ychologic  elements  or  possibly,  its  psychopathologic 
elements  It  must  not  l)e  forgotten  that  cases  of  paresis  which  appear  like 
dementia  precox  are,  on  the  psychic  side,  really  dementia  precox,  though  the 
physical  cause  is  the  process  caused  by  the  spirochete.  It  is  already  admitted 
that  alcoholic  cases  of  a  certain  type  may  simulate  paresis,  as  the  time-honored 
name  alcoholic  pseudoparesis  bears  witness.  The  necessary  basis  for  the  similar 
pictures  is  not  the  causative  agent,  but  is  the  location  of  the  pathologic  process. 

The  ideas  outlined  aboAc  with  regard  to  paresis  and  alcoholic  pseudoparesis 
may  apparently  be  applied  also  to  dementia  precox  and  may  prove  to  be  of 
more  than  passing  significance.     The  work  of  Southard-  on  the  relation  which 
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exists  anatomically  between  the  catatonic  form  of  dementia  ])recox  and  parietal 
lobe  lesions  and  between  the  paranoid  form  and  frontal  lobe  lesions,  independ- 
ently of  the  causative  or  accompanying  physical  factors,  furnishes  us  the  nec- 
essary anatomic  substrate. 

The  time-worn  question  as  to  wliy  all  cases  affected  with  our  supposed 
causative  agent  do  not  give  us  the  mental  disease  has  no  longer  any  logical 
value  since  the  discovery  of  the  cause  of  i)aresis.  It  is  now  recognized  that  this 
is  another  question  in  quite  a  different  field  and  need  not  concern  us  here. 

The  question  next  arises  as  to  the  reasons  for  considering  tuberculosis  as 
a  causative  factor  in  the  cases  upon  which  this  study  is  based.  It  has  already 
been  said  that  seventeen  cases  showed  the  mental  disease  to  be  so  nearly  parallel 
to  the  physical  that  they  will  be  given  separate  consideration  with  a  similar  case 
published  in  the  French  literature.  It  will  suf^ce  here  to  give  the  age  of  onset, 
age  at  admission,  and  age  at  death  in  these  cases  and  to  describe  more  at  length 
the  other  thirteen  cases  whose  course  did  not  parallel  so  succinctly  the  physical 
disease. 

In  Table  III  are  given  seventeen  cases  with  age  at  onset,  etc. 

Table  III 

CASE  NO.  AGE  AT  ONSET  AGE  AT  ADMISSION  AGE  AT  DEATH 

111-6,  46  47  48                  "~ 

III-14  18  21  23 

111-24  31  31  32 

1 1 1-31  39  39  40 

III-43  25  25  27 

IV-8  19  19  20 

IV- 16  26  27  28 

IV-18  22  22  23 

V-3  23  24  25 

VII-41  24  24  27 

VIII-3  44  45  45 

XI 1-28  19  20  20 

XIII-17  18  18  19 

XVI-23  25  29  29 

XVII-43  23  34  34 

14-7  28  28  29 

1916.25  24  26  29 

The  striking  thing  in  this  series  as  it  stands  is  the  short  duration  from 
onset  to  exit.  Another  incident  of  interest  is  the  predominance  of  the  third 
decade  cases,  the  decade  from  twenty  to  thirty.  It  seems  that  we  may  at  some 
future  time  be  able  to  split  off  such  cases  from  the  total  group  of  dementia  pre- 
cox in  some  such  way  as  that  suggested  in  the  article  by  the  French  writers  men- 
tioned above. 

Comparing  this  table  with  the  causes  of  death  mentioned  in  Table  II,  we 
find  that  all  but  one  died  of  tuberculosis  and  the  cause  of  death  in  that  one 
(Case  111-6,  gangrene  of  lungs)  may  be  suspected  to  be  in  some  way  linked  with 
tuberculosis  since  there  were  tubercles  at  the  apex.  One  case  (XII-28)  was 
complicated  by  mitral  insufffciency.  Two  had  tuberculosis  of  other  organs  than 
the  lungs  as  cause  of  death   (XVII-43,  1916.25)   and  one  died  of  abscesses  of 
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the  lunj^^s  in  tlu-  simrir  of  wliith  tulicrclc  bacilli  were  fouii'i.  '1  he>c  few  facts 
will  ser\('  in  ;i  ntu^h  way  to  indicate  the  clf)se  connection  with  tuhcrculosis  which 
exists  in  these  cases. 

Let  u>  next  ai)])r()ach  those  cases  in  which  the  connection  is  not  so  clear 
cut.  In  lln-e  cases  the  atjcs  at  onset  ;in<l  at  aflmission  are  frequently  separated 
and  i>erh;i|i'^  more  fre(|uently  the  a.e^es  at  admission  and  at  death  arc  far  apart. 
'JMie.-e  are  the  mild  crisc>  which  stay  in  the  community  until  the  relatives  can 
no  lonjj^er  care  for  lliein  oi'  the  cases  which  enter  the  hospitals  with  an  acute 
attack  of  mental  trouhle  from  wliicli  they  recover  hut  with  residuals  which  in- 
capacitate them  for  further  indei)endent  existence  in  the  community. 

The  age  at  onset,  etc..  in  these  cases  is  given  in  Tahle  IV. 


Table  IV 

CASE  NO. 

,\GE  AT  ONSET 

AGE 

AT  ADMISSION 

AGE  AT  DEATH 

11-31 

33 

43 

76 

T\'-47 

29 

60 

61 

V-39 

25 

32 

74 

VI-33 

26 

26 

31 

VI 1-25 

22  (?) 

35 

53 

VI 1-46 

27 

27 

34 

X-21 

22 

22 

23 

XVI -22 

29 

30 

50 

XVI 1-57 

25 

26 

29 

1915.18 

+4(?) 

45&49 

57 

1915.25 

(?)— "Years" 

48 

49 

1916.36 

25 

27&31 

54 

1916.37 

28 

31 

65 

Comparing  Table  II.  the  causes  of  death  will  be  found  to  be  varied,  as 
they  would  be  expected  to  be  in  recovered  cases.  They  are  pneumonia  (11-31, 
V-39,  X-21,  XVI-22,  1916.36),  tuberculosis  (IV-47,  VII-46,  1915.18,  1915.25), 
cancer  of  the  duodenum  (VI-33),  cardiac  disease  (VII-25,  1916.37),  and  typhoid 
fever  (XVlI-57).  But  in  all  these  cases  there  was  clinical  evidence  in  the  feel- 
ing of  weakness  on  the  part  of  the  patient,  or  the  variations  in  weight,  or  in  the 
temperature  chart,  or  at  autopsy  there  was  anatomic  evidence  of  the  presence 
of  tuberculosis,  or  of  its  previous  existence.  This  evidence,  linked  with  the 
course  of  the  mental  symiitoms  in  these  cases,  gives  a  view  of  the  relationship 
which  is  as  clear  as  any  which  can  be  obtained  by  present-day  methods  short 
of  the  actual  demonstration  of  organisms  or  of  their  products  in  cases  such  as 
this  paj)er  has  outlined.  I'hat  such  demonstration  of  organisms  and  their  prod- 
ucts may  now  be  possible  is  a  matter  for  the  future.  Certainly  the  method  of 
PetroiT-'  for  the  cultivation  of  the  tubercle  bacillus  from  body  tissues  and  the 
complement-fixation  test  as  practiced  by  Bronfcnbrenner  and  others'*  for  tuber- 
culosis should  be  tried  in  these  selected  cases.  It  is  not  to  be  hoped  or  ex- 
pected that  such  tests  and  examinations  will  show  any  high  percentage  of  posi- 
tives in  random  or  routine  examinations  of  dementia  precox  cases.  This  on 
the  theory  that  dementia  precox  is  a  mental  s\mptom-complex  which  depends 
for  its  existence  upon  the  difference  in  function  of  brain  areas  which  are  topo- 
graphically distinct.  The  cases  selected  must  be  those  of  tuberculosis,  if  the 
tests  are  to  be  positive.     That  there  is  a   certain   residue  of  dementia   precox 
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Case  11-31* 


PHYSICAL 


1878-79  —  Abnor- 
mal appetite  with 
vomiting  begins  and 
continues  till  the 
end. 


MKNTAL 


186-1 — Insane  10  years.  Excited,  vio- 
lent, shy,  suspicious,  then  seclusive. 

1865 — "Disinclined    to    exertion." 

1868— Violent  at  times. 

1871 — Nervous  and  excitable. 

1876 — "Can  remember  things  done  in 
a   former  existence,"   secUisive. 

1879-79 — More  sociable.  "Catholic 
priest  comes  into  his  room  at  night  and 
makes  him  vomit."  Writes  much  inco- 
herentlv. 

1881— "Visions."    Talks  to  self. 

188-1 — Visions  of  the  dead.  Noisy  at 
night. 

1886 — Denies  having  relatives. 

1887 — Botliered   by  devils   and  spirits. 

1888 — ITndresses  in  daytime.  Pre- 
scribes for  imaginary  patients.  "Imps 
fly  into  room  and  drop  arsenic  into 
food." 

1889 — Talks,  laughs  and  sings  to  self 
in  room.  "Prussic  acid  put  through 
window  by  enemies." 

1891 — Put  meat  and  water  in  bottle 
and  took  "vile  mixture."  Goes  out  after 
refusing  for  five  years.  Says  he  is  a 
ghost  murdered  30  years  ago. 

1894— Disoriented. 


SUMMARY 


Insane  10  years.  Active  on 
admission.  Thirteen  years,  dull 
with  active  periods.  Then  de- 
luded. Two  years  later,  abnor- 
mal appetite  and  vomiting 
whicli  continued.  Three  years 
later.  visual  halhicinations. 
Progressively  more  active  with 
more  profound  disintegration 
of  the  personality. 

.'\utopsy  reveals  distended 
ileum  and  large  redundant 
colon.  Old  pleurisy  and  pul- 
monary tuberculosis.  Fresh 
l:)ronchiectatic  cavities.  Chronic 
nephritis.  Vessels  atheromat- 
ous. 


*In  the  Conduct  Charts: 


X  means  that  the  sign  was  present  every  day  or  nearly  every  day  of  the  month. 
+   means  that  the  sign  occurred  many  times  during  the  month. 
I    means  that  the  sign  occurred  but  once  during  the  month. 


cases  in  the  causation  of  which  tuberculosis  plays  a  part,  is  the  theme  of  this 
paper. 

The  cases  are  presented  in  chart  form  as  being  the  easiest  way  in  which  to 
correlate  mental  and  physical  events. 

Case  11-31. — It  is  obviously  impossible  to  judge  the  age  of  old  adhesions 
or  of  quiescent  tuberculous  processes  and  hence  impossible  to  assume  any  connec- 
tion between  those  old  processes  found  in  this  case  and  the  mental  history  ex- 
tending back  over  twen.ty-eight  years.  No  one  w^ill  deny  that  the  connection 
is  possible  since  we  know  that  a  tuberculous  process  may  be  latent  or  subacute 
for  many  years,  but  many  will  think  that  the  connection  is  unlikely.  Perhaps 
the  active  lighting  up  of  the  mental  process  in  the  last  three  years  of  life  will 
be  allowed  to  be  in  some  way  dependent  upon  the  process  w'hich  led  to  the 
formation  of  the  fresh  bronchiectatic  cavities  foiuid  at  autopsy. 

Case  IV-47. — This  case  is  similar  to  the  above  in  the  long  duration  and 
character  of  the  disease,  lasting  thirty  years  with  active  episodes  and  finally 
running  a  terminal  course  of  activity.  At  autop.sy  there  were  active  and  latent 
tuberculosis  with  tul)ercles  in  the  liver,  kidneys  and  spleen.  With  the  late  active 
course  there  was  weakness,  downward  tendency  of  the  weight,  and  unexplained 
temperatures  which  were  suggestive  of  tuberculosis  in  places. 

Case  V-39. — A  history  of  expo.sure  to  tuberculosis  is  followed  by  active 
mental  symptoms  which  soon  lead  to  dementia  while  on  the  physical  side  there  is 
chronic  bronchitis  with  asthma.  A  morning  and  afternoon  temperature  kept  for 
two  years  gives  fair  evidence  of  the  tuberculous  nature  of  the  patient's  physical 
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Cask  IV-47 


PHYSICAI, 


March,  1898  —  Numerous, 
(I  c  ])  r  f  s  s  e  (I,  uoiii)i;;iiuiitc(I 
scars  ill  skin.  Ucflcxcs  cx- 
ai'KC''>'l*-'*'-  'I'rcmor  of  liauds 
and  tongue.  Urine  nc^^ativc. 
"FccIs  weak." 

.\pril,   1898— Insumnia. 

I'VI).,  1899  —  Temperature, 
lungs  negative.     Untidy. 

Marcln  1899— "Has  a  cold."' 

June,  1899— Sits  with  feet 
ill   chair  and  hands  on   head. 

July,  1899— Lungs  negative. 
Alhumin  present  in  urine. 

July,  20  (next  day),  slight 
dullness  at  left  hase,  poste- 
riorly. Diarrhea.  Too  weak 
to  walk.  Temperature  97.8° 
to  102.2°,  pulse  75  to  134,  res- 
piration 19  to  42. 

July  22,  1899— Died. 


MKNTAI. 


18^)6 — Onset  with  delusions  ot 
losing  property.  Collected  olrl 
tin  cans,  etc.,  into  her  room. 
Talkative.  Woke  nights,  scream- 
ing.    Careless. 

1866-1898  — Gradual  silliness, 
childishness,  "tem|)er"  hv  hreak- 
ing  dishes.  Muttering,  1888-1898. 
1897 — Wandered  away  and  said 
her   folks  were  dead. 

1898— Went  to  a  stranger's 
house  and  ordered  them  out.  Let 
herself  out  of  winchnv  with  rope 
at  midnight,  ordered  stranger 
out  of  his  house  again  and  hid 
in  his  orchard.  Disoriented  for 
time,  place,  person.  Says  she  is 
23  years  old.  Irrelevant,  ob- 
scene, silly,  disconnected  speech. 
Auditor}-  hallucinations.  Abu- 
sive, profane,  restless,  excited, 
noisy,  violent.  Cries  and  tries  to 
escape.      Irritable   and    seclusive. 

1899— Resistive.  .April— Ag- 
gressive. 


SljMXfARV 


Onset  at  29  with  delusions 
and  active  episofles,  gradual- 
ly becoming  feeble-minded 
over  the  next  thirty  y^ars. 
.'\t  6(J  conduct  and  speech  be- 
come active  and  remain  so 
:ill  death  at  61. 

Physically  there  is  great 
"weakness,"  insomnia,  unex- 
plained temperature  and  a 
"cold." 

.Autopsy  shows  apical  ad- 
hesions. Nodules  in  right 
and  left  lungs,  some  encap- 
sulated and  hard,  some  with 
soft,  caseous  centers.  The 
liver  is  "peppered"  with  small 
gray-white  spots.  Xodules  in 
kidnevs  and  spleen. 
Case'  IV-16 
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Cask  V-39 


PHYSICAL 


Husliaiul  (lied  of  tubercu- 
losis. 

1879 — Pain  in  chest  when 
heart  is  weak.  Feet  swollen. 
Chronic  hroncliitis.  Chronic 
gastroduodenal  catarrh  witii 
jaundice. 

1887  —  Chronic  bronchial 
trouble.  Acute  exacerbation 
later. 

1892 — Remains  i  n  b  e  d. 
Asthma. 

1897,  Oct.  29— Habit  scolio- 
sis, emaciated,  diminished 
expansion,  dull  right  base 
posteriorly  and  crackling 
rales.  Apices  hyperresonant. 
Knee-jerks  diminished.  Dec. 
3 — Dullness  right  anterior. 
Breathing  rough  left  and 
bronchial  right. 

1898,  June  2 — Sputum  neg- 
ative for  tuberculosis. 


MENTAL 


At  25.  after  childbirth,  ex- 
cited, threatening,  restless, 
jealous,  religious. 

1858 — Boston  Lunatic  Hos- 
pital.    Mania   with   delusions. 

1879  —  Worcester  State 
Hospital.    Demented. 

1885  —  Discliarged,  unim- 
proved. 

1887  —  -Admitted,  melan- 
choly. Notices  attentions  of 
nurses  later. 

1892 — Fails  to  notice  atten- 
tions. 

1896 — Groans  when  spoken 
to. 


1898 — Quiet.  Says  "many 
thanks"  for  each  attention  of 
the  nurse. 


SUMMARY 


History  of  exposure  to  tuber- 
culosis. Active  onset  at  25  and 
at  admission,  age  32.  Demented 
at  53  and  showing  chronic  bron- 
chial trouble  which  is  called 
asthma  at  66.  Lung  signs  and 
dementia  increase  till  death  at 
74. 

.Vutopsy  shows  distended  ce- 
cum and  rest  of  colon  shrunken. 
Adhesions  over  right  upper  lobe 
externally  and  posteriorly  and 
lower  lobe  externally,  posterior- 
ly and  to  diaphragm.  Lower  one- 
half  of  right  lower  lobe  solid, 
blue-gray,  and  studded  with 
ray  nodules.  Scars  at  apex  of 
left  lung  and  inferior  part  of 
lower  lobe  solid,  bluish  and  nod- 
ular. 
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No  weight  chart — patient  too  weak. 


(See  Temperature  Charts,  pages   197  and   198.) 


trouble.  Autopsy  confirms  the  suspicion  with  signs  of  chronic  and  of  terminal 
acute  tuberculosis. 

Case  VI-33. — Exposure  to  tuberculosis  is  followed  by  mental  symptoms  and 
physical  signs  such  as  a  feeling  of  exhaustion,  anemia  and  poor  state  of  nutri- 
tion. Patient  dies  following  hemorrhage  from  an  ulcer  of  the  duodenum  thought 
to  be  cancerous.  Death  at  thirty-one.  There  were  old  pleurisy  and  nodules 
in  the  lungs,  difficult  to  differentiate  the  nodules  as  tuberculosis  or  as  cancerous 
metastases.  The  shape  of  the  chest  suggests  pleurisy,  or  even  an  old  empyema 
or  plain  effusion.  The  weight  chart  suggests  an  independent,  metabolic  dis- 
order (but  not  of  endocrine  origin)  and  this  parallels  the  noisiness  and  rest- 
lessness of  the  patient.  The  temperature  chart  sufficiently  explains  the  nature 
of  the  patient's  weakness  and  the  total  case  casts  doubt  upon  the  cancerous  na- 
ture of  the  duodenal  lesion. 

Case  VII-25. — Sudden  onset  with  slow  course  extending  over  thirty  years 
and  showing  two  distinct  active  episodes.  Terminal  nephritis  but  without  men- 
tal reaction.  Old  pleurisy  and  pulmonary  tuberculosis.  Absence  of  active  tuber- 
culous lesions.  Following  last  active  period  a  remarkable  increase  in  weight 
during  which  mental  signs  were  subsident. 

Case  VII-46. — Sudden  onset  with  active  symptoms  which  continue  with 
slight  change  till  the  end.     Duration  seven  years.     No  physical  notes  till  sixth 
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year  ulu-ii  uci.^lu  falls,  a  typic-al  tcmperalure  is  noted,  and  the  iiK-ntal  activities 
on  the  conduct  side  im  r(  asc.  Autopsy  showed  ohl  pleurisy,  pus  cavities  and 
tulicrclcs  in  ihc  lun^>,  lul.crculous  ulcers  of  the  ileum  and  cecum,  and  free 
fluid   in  till'  cliot   and  aljdoniinal   ca\itie>. 

C'asic  X-21. — A  sud<len  onset  with  acti\e  phv^ical  and  mental  symptoms 
ends  in  death  in  one  yiar.  This  case  resembles  the  I'rench  case  in  the  main 
hut  lacks  so  ]io>iti\e  ])roof  of  the  i)rcsencc  of  tuhercuUjsis.  At  autopsy  there 
were  ahundant  pleural  adhesions.  There  w.a^  atheroma  of  the  aorta.  Changes 
of  this  nature  in  thi.'  arteries  are  frefpient  e\  en  in  early  cases  of  dementia 
precox. 

C.\SE  XVI-22. — An  active  onset  of  short  duration  is  fcjllowed  hy  fourteen 
years  of  comparative  inactivity  and  six  years  without  active  mental  symptoms. 
The  weight  shows  no  general  upward  or  downward  tendencies  though  there 
are  occasional  transient  ^■ariations.  Autopsy  shows  extensive,  old  pleurisy  and 
an  encapsulated,  caseous  mass  with  se\eral  tubercles  in  relation  to  an  old  apical 
scar.  The  history  of  the  last  six  years  is  rather  inadec|uate,  but  it  would  seem 
that  the  encapsulated  mass  should  have  some  efifect  on  the  organism  unless  the 
amount  of  absorption  from  it  were  very  small.  The  slight  variations  in  weight, 
mentioned  above,  show  a  fairly  close  connection  with  disturbed  periods.  One 
nnght  imagine  that  there  was  some  connection  between  these  periods  of  weight 
loss  and  mental  disturl)ance  and  the  periodic  poisoning  of  the  organism  by 
some  hidden  focus,  but  it  would  be  asking  too  much  to  expect  one  to  beliexe  it. 

Case  XVI 1-57. — Acute  onset  with  mild,  active  symptoms  and  headache  is 
shortly  followed  by  weakness  and  tuberculous  temperature.  Death  in  three 
years  with  symptoms  unabated.  Weight  seems  independent  of  mental  state. 
Tuberculosis  of  the  lungs  completes  a  picture  very  similar  to  the  French  case 
l)ut  not  nicluded  there  because  death,  was  due  to  typhoid. 

Case  1915.18. — Gradual  onset  with  remissions.  Weak  from  the  beginning. 
The  weight  drops,  then  the  api)etite  fails.  A  moderate  afternoon  rise  in  tem- 
perature accompanies  the  fall  in  weight.  Variations  in  temperature  regularly 
accompan\-  the  changes  in  conduct,  the  refusal  to  work  and  the  loss  of  appetite. 
It  is  to  be  regretted  that  the  weight  chart  is  incomplete.  Pulmonary  signs  de- 
velop long  after  the  weight  and  temperature  charts  are  practically  pathognomonic. 
Autopsy  reveals  pleurisy,  tuberculous  pulmonary  abscesses,  and  tuberculous  ulcers 
of  the  ileum. 

Case  1915.25. — A  mild  course  of  many  years  terminating  with  active  symp- 
toms of  one  year's  duration.  Weight  drops,  temperature  is  suggestive.  Lungs 
give  evidence  of  tuberculous  process  of  long  duration  with  old  pleurisv  and 
hnal  tuberculous  pneumonia. 

Case  1916.36. — Onset  g'-adual,  symptoms  constant  but  of  low  grade  for 
many  years.  Pleural  adhesions  of  moderate  extent.  Though  the  weight  dropped 
somewhat  and  the  temperature  is  slightly  suggestive,  the  physical  picture  is  in- 
complete on  the  whole.  The  symptoms  were  mild  corresponding  to  the  slight 
changes  at  autops\-.  The  patient's  homicidal  attempt  was  apparently  due  to  the 
content  of  his  hallucinations  rather  than  to  his  own  heightened  activities. 

Case  1916.37. — A  lonsr.  chronic  mental  disease  ends  with  vascular  trouble. 
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Case  VI-33 


PHYSICAIv 


Father  died  of  tuberculosis 
at  30.  Alother  died  of  hejn- 
orrhage  of  the  lungs  when 
young. 

1896,  May-June  — Had  a 
"nervous  shock,"  i.  e.,  grew 
dizzy,  faint,  shivered  and  was 
cold,  then  felt  exhausted  and 
weak.  Summer — Complained 
of  headache  much.  On  visit 
gained  appetite  and  flesh. 

December  —  Insomnia  and 
poor  appetite.  P.  E. — Poorly 
nourished,  skin  anemic,  feels 
tired,  headache  all  over  arid 
in  her  eyes,  knee  jerks  slight- 
ly exaggerated.  Right  chest, 
low,  is  prominent,  and  pos- 
teriorly projects  forward. 
Left  chest  small  anteriorly, 
depressed  below,  prom.inent 
posteriorly.  Scoliosis,  lower 
dorsal,  to  left  and  upper, 
compensatory  to  right.  Right 
base  dull.     Periods  irregular. 

1901,  January — In  bed,  no 
complaint  but  weakness.  (See 
temperature  chart.)  Febru- 
ary— Fainted  when  getting 
out  of  bed.  Ten  hours  later, 
passed  liquid  blood  and  clots 
by  rectum.  Reds,  1,512,000. 
Whites,  35,700.  Hb.,  15%. 
Later,  tumor  in  right  upper 
quadrant.  Sputum  negative 
for  tuberculosis. 


MENTAL 


1896,  December  —  Dull,  de- 
pressed, immodest,  staring. 
Thought  she  did  things  mechani- 
cally without  "feeling"  what  she 
was  doing.  Admitted — confused, 
hallucinated  (auditory),  disori- 
ented for  time  and  place,  recent 
and  remote  memory  good,  talk- 
ative, "food  and  medicine"  poi- 
soned, suspicious,  "people  in  her 
room." 

1897,  January — "Food  tastes 
strangely."  April  —  Theatrical 
and  constrained  in  her  move- 
ments. Fails  to  recognize 
friends.     Kisses  everyone. 

May — Rhyming. 

June — Exhilarated,  silly. 

November — Dances  and  kicks. 

1898,  July— "Electricity  in  the 
air  works  on  her  nerves  and 
makes  her  dance."  Appearance 
careless. 

1899,  June — Strikes  stomach 
and  head  with  fist,  pulls  her 
own  hair. 

19C0,  May— Lhitidy  in  cver\ 
wa\'. 


SUMMARY 


Sudden  onset  with  phys- 
ical symptoms  at  26.  Men- 
tal signs  6  months  later. 
Exposed  to  tuberculosis. 
Signs  in  lungs  and  shape  of 
chest.  Mental  signs  more  ac- 
tive for  three  years.  One 
year  later,  exhaustion,  pro- 
found anemia  and  death  at  31. 

Autopsy — Hair  tinged  with 
gray.  Transverse  colon  at 
pubes.  Duodenum  a  hard, 
nodular  mass  with  soft  areas  ; 
attached  to  kidney,  to  hepatic 
flexure  by  old,  dense  adhe- 
sions, and  to  gall  bladder. 
Adhesions  right  lung,  exter- 
nally, left  lung,  posteriorly 
except  ap<;x  and  to  dia- 
phragm. Right  middle  lobe 
contains  soft,  flat,  solid  bod- 
ies from  which  a  milky,  thick 
juice  may  be  scraped.  Nod- 
ules in  surface  and  substance 
of  liver,  whitish  milky,  thick 
fluid  and  "cheesy"  plugs. 
Center  of  one  completely 
"cheesy."  Second  part  of 
duodenum  seat  of  deep  ulcer. 
Edges  thick,  dense,  pork-like; 
walls  pale  gray.  Tissue  ne- 
crotic with  many  fibrous 
strands.  Necrotic  material 
yellow-gray.  Right  kidney 
cystic,  calculi.  Calcified  pla- 
ques in  pia. 


(See    Chart,   page  201.) 
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Case  VI 1-25 


PHYSICAL 


1898,    Dec— "Grippe." 

1901.  Dec.  14— Consider- 
able albumin,  numerous 
granular  and  fe\v  epithelial 
casts. 

Dec.  21 — Albumin  mod- 
erate, epithelial,  hyaline  and 
granular  casts. 

Dec.  26 — Xo  albumin, 
few  epithelial,  many  hyaline 
and  granular  casts.  Leuco- 
cytes, 8,500.  Chill  before 
temperature  but  malaria  not 
in  blood. 

Dec-Jan.,  ■01-'02  — Four 
hourly   "septic   chart." 


MENTAL 


1870  (?)— Shortly  after  mar- 
riage, jumped  out  of  window  and 
ran  into  swamp. 

188-1 — Admission.     "A  ring  reg- 
ulates her  mind."     Food  poisoned. 
Things      filled      with      electricity. 
Snakes  in  her  bed.     Conversation 
disconnected.         Talks      to      self. 
More  excited  during  menses. 
1887— Incoherent. 
1889 — Sits    about,    picking    tace. 
1895 — Face  sore  from  picking. 
189^Talks  to  self. 
1898 — -"Fleas   bite   her,"    so    she 
picks.        Assumes     attitudes     and 
stares. 

laughs,       talks. 

to   be   observed — 

without     noticing 

addressed. 

converses ;       an- 


1899— Scolds. 
Does   not   want 
talks     rapidly, 
question,    when 

1901— Xever 
swers  monosvllabic 

Feb.,   1898— Denudative  2 

Aoril.  1898— Xoisv  1  dav. 


day; 


SUMMARY 


Sudden  onset  at  about  22. 
After  13  years,  admitted  with 
delusions,  incoherency.  Self- 
mutilation  after  5  years.  Ten 
years  later,  active  episodes. 
Two  years  later,  dull,  de- 
mented, signs  of  nephritis. 
Death. 

Autopsy — Omentum  adher- 
ent, right  iliac  fossa.  Ad- 
hesions right  apex  and  over 
left  lung  posteriorly,  to  peri- 
cardium and  to  diaphragm. 

Right  lung — thick,  puck- 
ered pleura  at  apex  with  hard,, 
irregular,  non-caseated  nod- 
ide.  Small  nodules  in  middle 
lobe.  Left  lower  lobe  nodu- 
lar. Infarct  of  spleen. 
Horseshoe  kidnevs. 


(See   Chart,  page  203.) 
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TMR    JOURNAL    OV    LAHOKATOKY    AND    CMNICAI,    MRDICINE 


Case  VII-46 


PHYSICAL 


1901,     Dec— Right 
dull  front  and  back. 


apex 
Ane- 


mic. 

1902,  Jan.— Dull  first  and 
second  space  and  posterior- 
ly to  second  spine.  Breath 
sounds  harsh.  Rales.  Large 
amount  of  albumin,  few 
epithelial  casts.  Feb.— Tu- 
berculosis in  sputum.  Con- 
siderable albumin,  granular 
and  epithelial  casts.  Apr. 
• — Spits  blood. 


MENTAL 


1895 — Threatens  Uusband 
and  mother-in-law.  Profane 
and  vulgar  to  unseen  people. 
Irritable,  laughs  and  talks  to 
self.  Unusual  libido  et  po- 
tentia. 

1896— Demented. 

1898 — Aggressive,  irritable, 
abusive,  profane.  Sex  delu- 
sions about  husband  and  his 
mother.  Works,  attends  en- 
tertainments, does  fancy 
work. 

1899— Oriented  for  time 
and  place.  Careless  appear- 
ance. March — Will  not  work. 
July — Agreeable  and  helpful. 
Aug.-Oct. — Profane. 

1901 — L  aughs  several 
months. 

1902 — Thinks  here  four 
years. 


SUMMARY 


Sudden  onset  at  27  with  delu- 
sions of  a  sexual  nature  and  with 
hyperkinetic  signs.  One  year 
later,  demented.  Next  three 
years,  periods  of  activity,  grad- 
ually losing  memory,  etc.  In 
sixth  year  of  the  disease,  signs 
of  pulmonary  tuberculosis.  Death 
at  34,  one  year  later. 

Autopsy- — Fluid  in  abdomen. 
Right  upper  lobe  anteriorly  ad- 
herent, externally  and  posteriorly 
throughout  and  to  diaphragm. 
Left  adherent  externally  and  pos- 
teriorly throughout  and  to  dia- 
phragm.    Free  fluid  in  chest. 

Right  lung,  nodular.  Bean  to 
hickory-nut  size  cavities  with  pus 
in  upper  lobe.  Gray,  white  ele- 
vated nodules  in  lower  lobe.  Left 
lung  nodular ;  interlobar  adhe- 
sions. Small,  pus  cavities  in  up- 
per lobe  and  large,  empty  cavity 
in  lower  lobe.  Ileum — 2  meters 
above  cecum,  healed  ulcers  2x3 
cm.,  raised,  white  edges  and  dark 
gray  bases.  Lower  is  transverse 
constriction  with  gray  base.  Ul- 
cers cecum. 


(See  Chart,  page  205.) 
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THE    TOURNAIv   OK    LABORATORY    AND   CLINICAL    MLUICINE 


Case  XVI 1-57 


Paternal    grandmother    ni- 
sane. 

1908— Headache. 


1909,  Jan.— Tremor  of  ton- 
gue and  hands.  I'rine  nega- 
tive. 

Feb. — Says  he  is  weak. 

(See  temperature  chart.) 


1912 
Widal. 


■  Typhoid, 
Exitus. 


positive 


MENTAL 


1908— Irritable,  worried,  sat 
gazing  into  space.  Thought 
family  against  him.  Said  to 
have  chased  women  and  to  have 
exposed  himself.  Threatened 
homicide.  Confused,  seems  stu- 
pid. 

1909,  Jan. — Suspicious,  laugh- 
ter explosive,  apprehensive, 
ideas  of  reference,  somatic  and 
sexual  ideas,  word  salad,  de- 
pressed, resistive.     Admitted. 

Feb. — Hesitant.  "Would  like 
to   freeze  up   dead."     Tul:)e   fed. 

Oct. — Light  work.  Reticent. 
Masturbates  and  exposes  self. 
Resistive.  Whispers        under 

breath. 

1911 — Silly,  grins,  repeats 
questions,  dull,  disoriented. 


Onset  at  25  with  mild,  ac- 
tive symptoms.  Admitted 
less  than  a  year  later.  Rapid 
course  of  three  years  with 
catatonic  features.  Death 
from  typhoid. 

Autopsy — Adhesions  right 
lung,  diaphragm  and  base. 
Apical,  puckered  scars  each 
apex.     Ulcers  ileum. 


SUMMARY 
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'flierc    arc    ])k-ural    and    pcril'Mical    adhesions    and    jtidnionaiy    cniphysema.      A 
lubc^cul<)u■^  nodule  ai)i>c'ars  in  tlic  kidney. 

The  thirty  cases  selected,  then,  show  sonieliiiiif,'  more  convincing  a^  lo  the 
conni'clion  hetwei-n  ihesn  and  tuhei\-ulo>is  than  the  mere  incidence  of  death 
from  tuberculosis.  Seventeen  cases,  to  he  described  later,  or  56.6  jter  cent  show 
a  comicction  so  apparent  that  they  are  considered  to  belonj:^  tfj  the  toxic-in- 
fectious ijroup  bv  some.  Thirteen  cases  c(»nsidered  here  -how  a  course  which 
may  in  a  fairly  tlehnite  way  be  considered  to  be  bound  up  with  a  clinical  or 
anatomic  tuberculosis.  'l\il)erculosis  was  demonstrated  anatomically  in  all  of 
them  and  the  anatomic  picture  was  the  one  to  be  expected  from  the  course  of  the 
mental  picture,  the  i)hysical  signs,  such  as  weight  and  the  subjective  symptoms, 
and  from  the  tenijicrature  chart. 

SU.M.\r.\RY 

There  is  a  detinitc  group  of  cases  of  dementia  precox  in  whicii  tuberculosis 
may  be  considered  to  be  a  causative  factor  and,  possibly,  the  causative  factor. 

Of  such  a  group,  73.3  per  cent  die  of  tuberculosis.  In  56.6  per  cent  the 
courses  of  the  mental  and  the  physical  disease  run  parallel  and  in  the  other  43.3 
per  cent,  which  is  the  percentage  which  recover  and  die  of  a  later  tuberculosis 
or  of  some  other  cause,  a  prexious  or  concurrent  tuberculosis  is  demonstrable. 

Special  complement-tixation  tests  on  the  blood  and  spinal  fluid  and  special 
cultural  methods  applied  to  such  cases  should  yield  a  high  percentage  of  posi- 
tive results  and  give  us  an  added  advantage  in  early  diagnosis. 
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the  Sputum  by  the  Method  of  Petroflf,  Jour.  Exper.  Med..  1915,  xxii,  612.  Some  Cul- 
tural Studies  on  the  Tubercle  Bacillus,  Bull.  Johns  Hopkins  Hosp.,  1915.  xxvi.  276. 
A  Final  Report  on  the  Cultivation  of  the  Tubercle  Bacillus  from  the  Sputum  by  the 
Method  of  Petroflf,  Jour.  Exper.  Med.,  1916,  xxiv,  41. 
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logical Methods  for  the  Diagnosis  of  Tuberculosis,  Arch.  Int.  Med..  1916,  xvii.  p.  492. 
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Case  1915.18 


PHYSICAL 


MENTAL 


SUMMARY 


1903 — Had  a  "numbness  in 
her  fingers."  Reflexes  exag- 
gerated.    Appetite  poor. 


1904 — Has  stomacli  trouble 
and  feels  tired,  calls  it  dys- 
pepsia. 

1908— Is  very  tired.  Ap- 
petite good.  Sleeps  well. 
Hair  dyed. 


1911 — Albumin  present,  hy- 
aline, waxy,  granular  casts, 
edema  of  ankles,  diarrhea. 

1913 — Dysentery.  Trace  al- 
bumin, few  red  cells. 

1914 — Feet  bother  her.  She 
is  tired.  Albumin,  s.  p.  t. 
Emaciated.  Sounds  rough  at 
apices.  Wassermann,  blood, 
negative.  October  —  "dysen- 
tery." 

1915 — Cough,  sputum  nega- 
tive.      Sounds     harsh,     rales. 
Red    cells,  4,216,000.      White 
cells,  35,440.     Hh.  75%.     Ex 
itus. 


1902 — Ideas  of  reference,  au- 
ditory hallucinations,  ideas  of 
persecution.  Went  to  the  roof 
to  escape  voices.  Depressed. 
No  insight. 

1903— Admitted  to  McLean 
Hospital — depressed  and  halluci- 
nated at  times.  Released  but 
later  returned.  "Priest  made 
faces  at  her,"  voices  dictated  or- 
ders which  she  obeyed.  Suspi- 
cious and  seclusive.  Incoherent. 
Transferred  to  Worcester. 

1904— Discharged.  Went  to 
church  every  day,  troubled  by 
"martial  law." 

1908— Returned.  Excited. 
"Went  to  church  to  get  rid  of 
treason."  Laughs  and  mumbles. 
Memory         good.  Oriented. 

"Voices  defame  her  character." 
Reticent.     No  insight. 

1909 — Seclusive,  intractable  at 
times. 

1911 — Memory  impaired,  reti- 
cent, ideas  of  reference  and  per- 
secution. 

1914 — LTnoccupied,  seldom 
speaks,  dull.  Disoriented,  mem- 
ory  poor,   deluded. 


1915— Apathetic. 


Onset  gradual  and  with  re- 
missions at  44  (?).  Symp- 
toms improve  with  hospital 
residence,  grow  worse  out- 
side and  with  gradual  de- 
mentia of  moderate  degree. 
Weakness  from  beginning. 
Finally  signs  of  pulmonary 
trouble. 

Autopsy — Adhesions  right 
upper  lobe,  posteriorly ;  both 
lungs  to  diaphragm.  Fluid, 
left  chest.  Right  lung,  cav- 
ity at  apex,  tubercles  in  lower 
lobe.  Left  lung,  surface 
nodules  in  upper  lobe,  coa- 
lescing tubercles  forming  ab- 
scess cavities  in  lower  lobe 
and  subpleural  hemorrhage. 

Irregular,  circular  ulcers 
ileum  near  cecum. 


(See  Chart,  page  211.) 
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Cask  1916.36 


PHYSICAI, 


1902— Weiglit,    138    to    145 
pounds. 


1916 — Returned  from  farm, 
pneumonia.  Weight        121 

pounds.     Death. 


MKNTAL 


1XH7— Moody,  sensitive,  unrea- 
;(inahk'. 

1889—1  )angerous.  Hospital, 
\ugust  to  November  and  dis- 
charged. 

1893— Attempted  homicide. 

Hears   name   coupled    with    false 
and  vile  statements. 

189-1 — "Twenty  men  murdered 
every  niglit  on  the  ward."  In- 
coherent.    Works. 

1898— Talks  to  self  but  not  so 
profane  as  formerly. 

1905 — Indifferent,  oriented, 

"voices     sound    like    telephone,' 
profane. 

1906— Talkative,  profane,  fair 
grasp  on  current  events. 

191-1 — Hallucinated  but  "nol 
bothered  by  tiiem." 

1915 — Irrelevant  at  times 
"People  look  at  him  in  a  peculiar 
manner  and   read  his  thoughts." 


SUMMARY 


At  25  gradual  onset  with 
character  change.  Two  years 
later  dangerous.  Four  years 
later,  hallucinated,  homicidal. 
One  to  four  years  later,  de- 
luded, incoherent,  pr  >fane. 
Seven  years  later  indifferent 
to  hallucinations.  Nine  years 
later,  ideas  of  reference,  ir- 
relevant. 

Autopsy — .\dhesions  right 
ung  externally  and  to  peri- 
cartlium.  and  left  lung  to 
pericardium. 
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Case   1916.37 


PHYSICAL 


MENTAL 


SUMMARY 


1910 — Easily  tired.  Xausea. 
dizzy,  weak,  dyspneic.  Urine 
negative. 


U  r  i  n  e 
o\v,   pulse 


1914 — Dysentery 
negative.     Heart 
30  per  minute. 

1915 — -W  a  s  s  e  r  m  a  n  n   on 
blood,  negitive. 

1916,   April— Died. 


1879— Onset.  Untidy,  lazy. 
\Iastur])atcs.  "Head      empty, 

lirains  soft." 

1882— in  Tcvvkshury.  Trans- 
ferred to  Worcester. 

1883 — Deluded.  Tries  to  burn 
hair  on   gas   jet. 

188f^Talks  to  self. 

1888 — Has  to  be  coaxed,  ir- 
ritable. 

1905 — Has  worked  at  Farm 
till  now.  Memory  good.  Says 
his  delusions  were  imaginary. 
Previous  visual  hallucinations. 
Claims  he  got  his  head  jammed 
between  a  building  and  a  sleigh. 

1910 — Works  at  farm  or  hos- 
pital.    Dull. 

1912 — Apathetic,  oriented.  Ad- 
mits previous  hallucinations  and 
delusions. 

1913 — "Picture  of  depression." 


Onset  at  28  with  mild  men- 
tal and  physical  symptoms. 
Admitted  at  31  in  dilapidated 
condition.  Improves  but  re- 
mains demented.  At  59,  signs 
of  vascular  trouble. 

Autopsy — Adhesions  of  ce- 
cum to  lateral  abdominal  wall 
and  of  right  and  left  lower 
lobes  to  pericardium.  Em- 
physema. Small,  white  nod- 
ule, surface  of  right  kidney. 
Granular  growth  from  dura 
separating  convolutions  in 
region  superior  parietal. 


LABORATORY  MKTHODS 


A  M()l)ll"li:i)    IlKCiri-CKADWOlIL  'IKST  FOK  Till-:   SKKl  M    DIAC.XO- 

SIS  OF  SYPHILIS- 

\\\   W  .    |.   IlkiTK,  Xkw  I\o<'ni;i,i,F,,   X.  Y.. 

IX  rL-\  icw  ins4'  l^'"-'  Hlcratuic,  (juc  is  certainly  impressed  with  the  many  differ- 
ent methods  of  i)erforming  the  complement  fixation.  For  years  serologists 
have  been  trying  to  devise  a  satisfactory  method  of  controlling  two  important 
factors  in  this  reaction,  namely,  native  com])lement  and  native  antisheep  am- 
boceptor. 

Heating  serum  at  56°  C.  for  30  minutes  destroys  the  natural  complement, 
but  this  is  a  disadvantage,  as  suggested  by  Vladimir  Busila's^  work  in  1910.  He 
found  that  sera  have  two  syphilitic  antibodies,  the  one  is  themiolabile,  or  de- 
stroyed wlien  exposed  to  a  temi)erature  of  56°  C,  the  other  thermostable,  or 
unaffected  by  this  degree  of  heat.  These  are  present  in  both  blood  and  spinal 
fluid  in  varying  proportions,  and  the  thermolabile  is  the  first  to  appear  in  the 
blood  and  the  last  to  disappear  under  treatment.  Hcj  also  found  that  when  the 
thermolabile  amboceptor  is  present  alone,  the  W'assermann  with  heated  serum 
will  give  a  negative  result,  while  with  unheated  serum  a  positive  result.  As 
the  thermolabile  antibody  often  exists  alone  in  nervous,  latent,  and  insufifi- 
cientlv  treated  syphilis,  using  the  Wassermann  technic  of  performing  the  test 
with  inactivated  serum  results  in  a  considerable  error  in  these  cases.  Xoguchi- 
has  shown  that  syphilitic  serum  heated  at  55°  C.  for  30  minutes  loses  about  one- 
fourth  to  one-fifth  of  its  syphilitic  antibody. 

There  are  several  methods  which  use  the  complement  in  fresh  human 
serum  \\ith  a  fixed  amount  of  amboceptor,  but  as  the  native  complement  is  so 
variable  these  methods  are  unreliable  unless  the  serum  is  titrated  for  the  ex- 
act amount  of  complement  present. 

Natural  antisheep  amboceptor  is  unaffected  by  heating  at  56°  C.  over  a 
reasonable  period,  although  the  complement  is  eliminated  at  this  temperature. 
By  the  addition  of  sheep  red  blood  corpuscles  to  inactivated  human  serum,  the 
native  antisheep  amboceptor  will  be  absorbed,  but  this  is  a  tedious  procedure, 
and  is  seldom  carried  out  routinely.  To  prevent  this  native  amboceptor  enter- 
ing the  test  at  all,  Noguchi-  used  an  antihuman.  Browning  and  Mackenzie  an 
antiox,  and  some  workers  even  produced  an  antichickcn  amboceptor. 

Heclit  and  Weinberg-"  in  1909  i)ublislied  a  method  using  the  fresh  non- 
inactivated  human  scrum  and  utilizing  the  native  alexin  or  complement  and 
native  antisheep  ambocei^or.  Their  method  is  conducted  as  follows:  Four 
tubes  are  used  in  lhc  test,  each  tube  receiving  0.02  c.c.  of  fresh  patient's  serum. 


'Read    before    tlie    St.    Anthony's    Hospital    Clinical    Society.    Oklahoma    City.    May    20.    191S. 
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'J'he  antii^on  used  is  an  alcoholic  extract  of  human  heart,  'i'uhc  No.  1  receives 
0.08  CO.  of  a  1-50  dilution  of  antij^en,  and  tuhe  No.  2  receives  0.08  c.c.  of  a  1-100 
dilution,  and  tube  No.  3  receives  0.08  c.c.  of  a  1-200  dilution,  while  tube  No.  4, 
which  is  the  serum  control  does  not  receive  any  antii;en,  but  0.08  c.c.  of  normal 
saline.  The  tubes  are  placed  in  the  water-bath  for  ten  minutes,  and  1  c.c.  of  a 
1  per  cent  suspension  of  sheep  cells  is  added  to  each  of  the  four  tubes,  and  these 
are  rcincubated  for  ten  minutes,  when  the  control  must  show  hemolysis;  but 
if  it  does  not.  the  test  is  worthless  on  that  particular  serum.  If  a  strongly  posi- 
tive acting  serum  is  present  there  will  be  complete  fixation  in  all  three  tubes  con- 
taining antigen,  the  control  tube  showing  complete  hemolysis.  In  case  the  se- 
rum is  a  weakly  positive  acting  one,  there  will  only  be  complete  fixation  in  the 
first  tube  containing  the  1-50  dilution  of  antigen,  with  the  remaining  tubes  show- 
ing hemolysis.    A  negative  serum  gives  complete  hemolysis  in  all  four  tubes. 

This  test  is  very  simple,  but  unreliable,  as  it  titrates  the  patient's  serum  for 
syphilitic  antibody,  but  not  for  native  complement  and  amboceptor.  The  use  of 
such  a  large  arbitrary  dose  of  sheep  cells  in  the  presence  of  such  a  small  amount 
of  serum,  leaves  this  test  applicable  only  to  sera  of  high  hemolytic  titer.  When 
the  control  tube  does  not  show  any  hemolysis,  one  of  two  things  is  at  fault, 
either  the  patient's  serum  is  low  in  native  hemolysins  or  an  overdose  of  sheep 
cells  has  been  added. 

Gradwohl^  saw  the  possibility  of  using  this  test  on  almost  every  human 
serum,  as  it  is  estimated  that  98  per  cent  of  Americans  have  some  antisheep 
amboceptor  present  in  sufficient  quantities  to  be  utilized.  He  therefore  modi- 
fied the  method  of  Hecht  in  such  a  manner  that  when  the  principal  test  is  made 
it  is  impossible  to  have  a  lack  of  hemolysis  in  the  serum  control  tube.  A  pre- 
liminary titration  for  the  exact  amount  of  native  hemolysins  is  first  made.  His 
technic  is  as  follows :  Place  in  a  rack  fourteen  small  test  tubes.  The  first  ten 
tubes  are  used  to  determine  the  "hemolytic  index"  of  the  suspected  blood.  The 
last  four  tubes  are  used  in  the  actual  test.  To  each  of  the  first  ten  tubes  are 
added  0.1  c.c.  of  fresh,  unheated  patient's  serum,  then  decreasing  amounts  of 
normal  saline  are  added  to  each  of  these  tubes,  beginning  with  1  c.c.  and  end- 
ing with  0.1  c.c.  Next  increasing  amounts  of  a  fresh  5  per  cent  suspension  of 
sheep's  blood  are  added,  starting  with  0.1  c.c.  and  ending  with  1  c.c.  Now  the 
rack  is  placed  in  the  water-bath  for  thirty  minutes.  The  last  tube  which  shows 
complete  hemolysis  constitutes  the  "hemolytic  index"  of  that  serum.  If  it  is 
tube  No.  4  the  index  is  four,  because  this  tube  had  received  0.4  c.c.  of  the  sheep 
cell  suspension,  so  therefore,  we  have  obtained  an  idea  as  to  how'  much  of  this 
suspension  is  to  be  added  to  the  last  four  tubes.  The  first  three  tubes,  (11.  12, 
13)  constitute  the  tubes  for  the  actual  test,  while  the  last  tube  in  the  rack,  (14) 
serves  as  the  serum  control  tube.  Tubes  11,  12,  and  13,  receive  therefore,  the 
patients'  serum,  the  ])roper  amount  of  sheep  corjuiscles  (depending  on  the 
"hemolytic  index''),  increasing  strengths  of  antigen,  but  no  complement  and  no 
amboceptor.  Tube  No.  14  receives  only  patient's  serum  and  sheep  corjniscles.  but 
no  antigen.  One-tenth  c.c.  of  a  dilute  antigen  determined  by  titration  is  used  in 
tube  No.  11,  0.15  c.c.  of  antigen  in  tube  No.  12,  and  0.2  c.c.  in  tul)e  Xo.  13.  All 
the  tubes  are  equalized   with   normal    saline   so  that  each   tube  contains  0.4  c.c. 
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of  soliitidii.     The  lnl)cs  arc  a,t,Mtal(<l  and  |iL'uc<l  in  tlic  water  for  tliirt}'  iiiiiuitcs. 

'I'lic  la>l  fdui-  Inln'^  arc  lillcil  at  the  time  of  makin}^'  the  aflditions  to  the 
first  ten,  and  air  left  with  them  in  the  water-bath  for  a  half  hfnir  for  the  fixa- 
tion of  the  lomphinent.  Tlu-  rack  is  then  taken  ont  and  the  "hemolytic  index" 
computed.  If  the  index  is  lf»w,  say  from  1  to  4,  0.1  c.c.  of  the  sheep  cell  sus- 
pension i^  added  lo  the  la'^t  fnm-  tnlio;  if  l)etween  5  and  7,  0.15  c.c.  is  added; 
and  if  S  to  10,  0..^  c.c.  is  added.  lUit  if  the  index  is  (ner  10,  the  titration  for 
the  amount  of  natural  liemojysis  is  repeated,  ;ipd  if  the  index  falls  between  11 
and  15,  0.25  c.c.  is  used,  if  between  15  and  IX,  0.3  c.c.  is  used,  and  if  between 
18  and  20,  0.35  c.c.  is  used.  1  f  a  serum  lias  an  index  below  2,  the  reaction  is 
re.e^arded  as  of  doubtful  value,  but  if  al)Ove  2,  it  is  of  absolute  value.  The  reac- 
tion is  read  as  in  the  W'asscrmann,  that  i-^,  inhiliilion  or  noninhibition  of  hemol- 
ysis. Tf  tlie  amount  of  natural  complement  or  natural  antishcep  amboceptor  is 
\  cry  low,  _t,aiinca  pi^  serum  or  immunized  rabbit  serum  can  be  added  in  proper 
projyortion  ascertained  1)\-  a  ]M-eliminary  titration.  There  is  no  technic  .tjiven  of 
tin-  method  of  titrating-  the  antigens  for  this  test. 

Tn  a  series  of  360  persons,  Kolmer"^  subjected  the  sera  of  each  case  to  both 
the  W'asscrmann  reaction  and  the  Hecht-Gradwoh!  test,  with  the  same  anti- 
gens used  in  each  method.  His  technic  is  slightly  different  from  that  of 
Gradwohl,  as  he  used  fewer  tubes  for  determining  the  hemolytic  index,  and 
instead  of  adding  a  certain  quantity  of  .sheep  cells,  according  to  the  sliding 
scale  of  Gradwohl,  he  used  one-half  the  "hemolytic  index."  The  incubation 
period  is  also  extended  from  thirty  minutes  to  one  hour.  The  serum  is  not 
titrated  for  syphilitic  antibody,  and  the  dose  of  antigen  is  0.2  c.c,  and  equal 
to  4  or  5  antigenic  units.  With  this  method  the  same  results  were  obtained  in 
82  per  cent  of  these  cases,  40  per  cent  were  positive  in  both,  60  per  cent  were 
negative  with  both  methods,  12  per  cent  more  positive  results  were  obtained 
with  the  Hecht-Gradwohl  than  with  the  \\'assermann  test. 

In  this  laboratory  a  Wassermann  and  a  Hecht-Gradwohl  control  is  made 
on  every  specimen  of  serum,  provided  there  is  a  sufficient  quantity  of  serum, 
and  native  hemolysins.  The  routine  followed  is  so  arranged  that  the  con- 
trol test  wall  not  interfere  wath  the  work  of  setting  up  the  Wassermann  test. 
A  sufficient  sheep  cell  suspension  is  made  to  allow  8  c.c.  for  each  specimen  to 
be  tested.  The  human  serum  is  freed  of  red  blood  cells,  and  a  certain  amount 
is  placed  in  a  rack  for  inactivation.  and  the  remaining  serum  is  placed  in 
another  rack  for  the  Hecht  control  test.  The  antigen  is  now  diluted  to  the 
proper  strength. 

The  titrations  of  guinea  pig  serum  and  amboceptor  for  the  Wassermann 
test  is  next  made  and  placed  in  the  water-bath,  and  the  racks  of  patient's 
sera  that  have  already  been  preixared  are  placed  in  a  water-bath  to  inac- 
tivate. Work  can  now  be  commenced  on  the  Hecht-Gradwohl  test,  and  usu- 
ally this  test  is  ready  to  be  incubated  before  either  the  hemolytic  titrations,  or 
the  Wassermann  sera  are  ready  to  be  taken  out.  During  this  time  the  sera 
are  prepared,  and  the  titrations  for  the  Wassermann  are  being  made,  the 
Hecht-Gradwohl  test  is  in  the  water-bath,  allowing  work  on  the  Wassermami 
test  to  commence  immediatelv.  and  with  no  U>ss  of  time. 
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The  following  tcclmic  lias  iiivon  the  Ix-st  resuUs  in  our  hands.  The  speci- 
men is  collected  within  48  hours  of  i^ertorniin,!:;"  the  test.  About  8  or  10  c.c. 
of  blood  is  drawn  into  a  sterile  container  and  allowed  to  clot  at  room  tem- 
perature. The  clot  is  now  separated  from  the  test  tube  and  the  specimen 
placed  in  the  refrii^erator  overnight.  The  following  morning  the  tul)e  is  cen- 
trifuged  and  the  clear  serum  pipetted  off  into  a  sterile  test  tube,  and  again 
placed  in  the  refrigerator  until  the  test  is  made.  Sera  treated  this  way  have 
shown  a  fairly  high  "hemolytic  index"  after  72  hours.  Although  8  per  cent 
of  our  sera  failed  to  give  any  hemolysis,  many  of  these  were  collected  and  sent 
to  the  laboratory  by  mail,  and  therefore,  did  not  receive  the  proper  attention 
to  prevent  the  deterioration  of  the  native  complement.  No  attempt  was  made 
to  add  any  amboceptor,  or  re])lace  the  complement  in  these  seras. 

SliKKP  CKLi,  SUSPENSION 

Fresh  sheep  blood  is  used.  This  is  washed  with  normal  saline  until  the 
supernatant  fluid  is  albumin  negative  with  the  heat  and  acetic  acid  test.  A 
3  per  cent  suspension  of  washed  cells  is  made  in  sufficient  quantity  to  complete 
the  test  on  all  the  sera.  As  each  test  requires  about  8  c.c.  of  this  suspension, 
100  c.c.  will  be  suflicient  for  12  different  sera.  The  cell  suspension  used  to 
titrate  for  the  hemolytic  index  must  be  used  in  the  final  test. 

antige;n 

Organic  extracts  are  capable  of  hemolyzing  red  blood  cells  due  to  hemotoxic 
action  of  alcohol  and  lipoids.  For  this  reason  the  antigen  must  be  titrated  for  its 
hemolytic  unit.  Ten  test  tubes  are  placed  in  a  rack  and  the  following  amounts  of 
a  1-10  dilution  of  antigen  are  added,  i.  e.,  0.2,  0.4,  0.6,  1.0,  1.2,  1.5.  2.6,  2.5,  3.0  c.c. 
Each  tube  now  receives  0.5  c.c.  of  3  per  cent  cell  suspension,  and  the  volume 
brought  up  to  3.5  c.c.  with  normal  saline.  These  are  incubated  for  one  hour  at 
38°C.  and  the  first  tube  that  shouts  the  slightest  hemolysis  is  considered  the 
hemolytic  unit. 

ANTICOIMPI^EMENTARY    TITRATIONS 

Serum  is  obtained  from  three  healthy  nonsyphilitic  Wassermann  negative 
persons.     These  sera  are  pooled  and  titrated  for  the  hemolytic  index. 

Twelve  test  tubes  are  racked  up  and  each  tube  receives  0.1  c.c.  of  this 
pooled  serum  with  vaiying  amounts  of  a  1-10  dilution  of  antigen  ranging  from 
0.1  c.c.  to  2.0  c.c.  A  tube  containing  serum  but  no  antigen  is  used  as  a  serum 
control.  All  the  tubes  are  brought  up  to  a  volume  of  2.5  c.c.  (less  one-half 
the  hemolytic  index)  with  normal  saline,  and  incubated  in  the  water-bath  for 
one  hour.  One-half  the  known  hemolytic  index  is  then  added  and  reincubated 
for  another  hour.  The  first  tube  that  shows  the  slightest  inhibition  of  hemolysis 
is  recorded  as  the  anticomplementary  unit.  The  serum  control  tube  must  show 
complete  hemolysis. 

ANTIGENIC   TITRATIONS 

Pooled  serum  from  three  syphilitic  Wassermann  positive  patients  is  used. 
The  hemolytic  index  is  determined,  and  0.1  c.c.  of  this  serum  is  added  to  twenty 
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test  tuhc'S.  I'^acli  liilir  receives  varying;  amount^  of  a  1-10  clilution  of  anti- 
^^(■11  iaii,i;in!4  from  0.01  cc.  lo  0.2  c.c.  Tlic  liun(lre(ltli>  of  antij^jen  were  fliluted 
so  thai  O.I  c.c.  (((ualcd  0.01  i.e.  of  a  1  10  diiuiioii.  A  scrum  control  is  also 
used.  Tlu'  rcinaiiidcr  of  ilu-  tr.^l  is  comluctt-d  a>  for  the  anticomplementary 
unit.  Aftn  the  tulies  are  reiiuuhated  they  are  ])lace(i  in  the  refrigerator  ovcr- 
ni.^lit.  ami  ihc  liist  tiihe  show  iiij^'  complete  inhihition  of  hemolysis  is  considered 
the  anlii^i'nie  unit.  The  antij.;en  u>ed  in  oiii-  work  was  the  protein  free,  re- 
preeipitaled.  acetone  in.solnhle  lipoids,  prepared  accfjrding  to  Xoguchi.  Four 
or  li\e  antit^HMiic  units  was  the  dose  used  in  the  principal  test,  anrl  this  amount 
was   less   than   oiu'  twentieth   the  anticonii)lcmcntary   unit. 

TI'CTIXIC    OI'    Tin:    TKST 

Twelve  tubes  are  placed  in  a  rack  and  all  these  receive  0.1  c.c.  of  the 
suspected  noninactivated  serum.  To  the  first  ten  tubes  varying  amounts  of  a 
3  per  cent  suspension  of  washed  sheep  cells  are  added,  beginning  with  0.2  c.c. 
and  ending  with  1.1  c.c.  Normal  saline  is  now  added  to  bring  the  volume  of 
these  ten  tubes  up  to  2.0  c.c.  Tube  No.  1 1  is  the  antigen  tube,  and  receives 
the  proper  dose  of  antigen,  as  determined  by  titration,  while  tube  No.  12  is 
the  serum  control  and  does  not  receive  any  antigen.  Suf^cient  normal  saline  is 
added  to  these  two  tubes  to  make  a  volume  of  0.5  c.c.  The  racks  are  placed  in 
the  water-bath  for  one  hour  at  v38°C.  and  shaken  occasionally.  At  the  end  of 
this  time  the  racks  are  removed  and  the  last  tube  which  shows  complete  hem- 
olysis is  considered  the  hemolytic  index.  At  this  point  the  first  ten  tubes  are 
discarded,  and  one-half  of  the  hemolytic  index  is  added  to  each  of  the  two 
remaining  tubes.  These  tubes  are  thoroughly  shaken  and  reincubated  in  the 
water-bath  for  another  hour,  and  placed  in  the  refrigerator  overnight. 

A\'hen  a  negative  result  is  obtained,  hemolysis  usually  occurs  within  the 
first  ten  or  fifteen  minutes,  and  if  a  positive  reaction  is  present,  we  have  a  pic- 
ture similar  to  a  four-plus  positive  Wassermann.  Only  in  cases  that  are  W'as- 
sermann  negative,  and  are  receiving  thorough  treatment,  do  we  get  a  tube 
showing  partial  hemolysis.  It  is  important  that  all  the  tubes  be  thoroughlv 
shaken  every  ten  or  fifteen  minutes  during  incubation. 

Sellards  and  Minot°  published,  in  1916,  a  series  of  134  cases,  in  which  they 
found  only  14  sera,  containing  two  or  more  units  of  natural  antisheep  ambo- 
ceptor, and  were  unable  to  ofTer  an  explanation  for  the  lack  of  hemolvsis. 

If  these  workers  used  fresh  active  serums,  their  trouble  was  undoubtedlv 
due  to  a  too  heavy  sheep  cell  suspension.  Gradwohl  has  constantly  obtained  a 
positive  Hecht-Gradwohl  when  the  Wassermann  was  positive,  and  15  per  cent 
more  positives  th.an  with  the  Wassermann  reaction.  Kolmer's  figures  are  18 
per  cent  more  true  ])ositive  results  with  an  acetone  antigen  than  with  the  \\'asser- 
mann  test.  If  the  blood  was  collected  within  48  hours  of  making  the  test,  he 
found  there  was  sufficient  nati\e  complement  and  native  antisheep  amboceptor 
present  to  conduct  the  test.  In  our  series  of  608  sera  8  per  cent  failed  to  heni- 
olyze  any  sheep  corpuscles.  The  Wassermann  test  performed  with  active  and 
inactivated   sera   and   the   Hecht-Gradwohl,   with   the  modification   given   above 
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\vas  paralleled  on  532  sera.  rositiNc  Wasscrmann  with  positive  Hecht-Grad- 
wohl  tests  were  ohlained  on  1(!5  or  20.')  per  cent;  negative  Wassermann  and 
negative  Hecht-Gradw  olil  tests  were  oi^tained  on  395  sera  or  74.2  ])er  cent. 
Positive  Hccht-GradwobI  tests  and  negative  Wassermann  tests  were  obtained 
on  32  or  5.7  per  cent  of  these  cases. 

While  these  fignres  are  considerably  lower  than  either  those  of  Gradwohl 
or  Koliner,  yet  this  di (Terence  can  i)robal)ly  be  exj^lained  by  the  method  used 
in  the  Wassermann  test.  In  our  Wassermann  technic  we  use  both  inactivated 
and  noninactivated  serum  and  even  if  there  is  an  absence  of  fixation  with  heated 
serum,  and  jiresent  with  unhealed  serum  the  test  is  reiiorted  as  positive.  If 
\nu  compare  our  results  with  a  Wassermann,  made  with  heated  serum  alone, 
our  results  would  correspond  with  those  of  the  former  writers. 

CONCLUSIONS 

In  primarv  svphilis  the  modified  Hecht  has  always  shown  up  positive  in 
from  one  to  two  weeks  earlier  than  the  W^assermann.  y\  positive  result  can 
usually  be  obtained  in  from  one  to  two  weeks  after  the  initial  lesion  with  this  test. 
In  treated  cases  the  Hecht-Gradwohl  has  always  been  the  last  to  disappear. 
This  test  has  its  greatest  value  as  a  serological  control  in  the  treatment  of 
syphilis,  and  in  the  interiiretation  of  a  weakly  positive  or  "borderline"  Wasser- 
mann reaction.  It  must  be  conducted  with  a  properly  standardized  antigen,  the 
proper  dose  of  sheep  cells,  and  fresh  noninactivated  sera.  With  the  technic 
just  described  we  have  not  found  a  single  case  in  which  the  Wassermann  was 
positive  and  the  Hecht-Gradwohl  negative.  Although  this  test  is  more  delicate 
than  the  Wassermann  reaction  in  the  serological  diagnosis  of  syphilis,  yet  it 
can  not  be  utilized  on  every  serum  due  to  the  lack  of  native  hemolysins,  and 
must  therefore  serve  the  purpose  of  a  control  test. 

The  observations  of  Sellards  and  Minot  have  not  been  confinued. 

I  am  deeply  indebted  to  Dr.  O.  J-  Walker  for  his  many  suggestions  and 
able  assistance  in  the  preparation  of  this  paper. 
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Av^l  M  ri  ,l'",,  ii)c\i)ciisi\  (•  and  ra|)i<l  (k'\  ice  for  ohtaiiiiiij,^  distilled  water  has 
heen  dexised.  Tlie  only  essential  is  steam  pressure. 
The  main  i)i|)e  c(»n\  e}in,i,'  the  li\c  steam  to  the  lahoratfjry  runs  alonj^  the 
wall  about  six  feet  from  llie  floor.  A  llircc'-(|uarter  inch  pipe  (A)  is  led 
vertically  downward  from  the  main  ])i[)e  to  several  inches  from  the  bottom 
of  the  sink  basin  and  then  conliiuied  transversely  for  about  nine  inches  where 
it  opens  into  the  basin.     At  about  six  inches  from  the  angle,  a  "T"  connection 


Fig.    1. 

is  inserted  and  a  half  inch  ])ipe  (B)  extended  upward  for  about  nine  inches 
more  or  less  dependiiiij:  upon  the  height  of  the  water  faucet.  To  the  end  of 
this  pipe  is  attached  an  "L"  connectitm  to  which  the  distilling  apparatus  is 
screwed  when  its  use  i^  de>ire(l,  at  other  times  it  is  disconnected.  This  vertical 
nine-inch  pii)e  is  bent  either  slightly  forward  or  backward  so  that  when  the 
distilling  tube  is  attached,  it  is  in  line  v.ith  the  cold  water  faucet   (Fig.   1). 
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The  distillinji^  apparatus  (iM.y:.  2)  consists  of  an  ordinary  nickel  plated  or 
copi>er  tube  about  sixteen  inches  lonsj^  to  which  is  soldered  a  cradle  made  of 
24  gauge  metallic  sheet  iron.  When  distilled  water  is  wanted,  a  valve  (C) 
(Fig.  1)  attached  to  the  extension  pijie  is  opened  so  that  a  hea\y  flow  of  steam 
escapes  from  the  distilling  tube,  'i'he  cold  water  is  then  allowed  to  run  and 
kept  overflowing  the  cradle;  the  water  within  the  cradle  is  constantly  cool. 
The  steam  at  once  condenses  and  distilled  water  is  obtained.  I^y  means  of  a 
rubber  stopper,  a  bent  glass  tube  may  be  inserted  into  the  outer  end  of  the 
distilling  tube  for  carrying  the  distilled  water  to  a  retainer. 

A  gallon  of  water  is  obtained  in  about  forty  minutes.  A  moderate  quantity 
of  steam  escapes  from  the  lower  opening  of  the  pipe  (D)  into  the  sink.  This 
can  be  obviated  by  placing  a  moist  towel  over  this  exit.  The  distilling  ap- 
paratus was  purposely  not  led  ofif  directly  from  the  main  i)ipe  extending  down- 


Fig.  2. 


ward,  so  that  if  any  water  is  condensed  on  the  way  from  the  engine  house, 
it  may  escape  into  the  sink  from  the  lower  exit  and  only  steam  will  flow  up- 
ward through  the  "T"  extension.  The  additional  outlet  (E)  seen  in  Fig.  1 
coming  off  from  the'  main  vertical  extension,  has  nothing  to  do  with  the  distil- 
ling device.  It  is  simply  a  steam  outlet  for  purposes  of  disinfection.  This 
extension  has  its  separate  valve   (F). 

For  those  accustomed  to  obtain  distilled  water  by  means  of  the  ordinary 
house  still,  heated  by  a  Khotal  burner,  this  appliance  will  undoubtedly  be  of 
aid.  Even  the  Stokes  Automatic  Still  does  not  give  as  much  water  per  hour  as 
does  this  simple  device.  It  is  especially  appreciated  by  those  who  are  so  in- 
sistent upon  the  use  of  absolutely  freshly  distilled  water  for  Arsphenamine 
administration. 
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Influenza  and  Pneumonia  at  Brest,  France 

FROM  April  1  to  Jul\-  31,  1918.  a  mild  epidemic  of  influenza  and  pneumonia 
prexailed  at  Brest  and  in  that  vicinity.  During  this  time  there  were  ad- 
mitted to  our  Xaval  Base  Hospital  at  llrest.  50  cases  of  influenza,  26  of  whom 
developed  pneumonia,  with  two  deaths.  During  the  same  period  the  French 
militai"}',  civil  and  na\  al  autlioritics  reported  4,838  cases  of  influenza,  with  688 
hospital  admissi()n>  and  53  deaths.  In  one  station  among  1,018  young  French 
recruits,  688  were  admitted  to  the  hospital  and  49  deaths  occurred.  The  mild- 
ness of  this  outbreak  was  in  sharp  contrast  to  what  occurred  later.  About 
August  22  a  more  violent  outbreak  occurred,  and  from  this  date  to  September 
15  there  were  1,350  hospital  admissions  with  370  deaths.  However,  influenza 
reached  its  greatest  violence  in  September,  and  the  pneumonia  followed  in  Oc- 
tober. During  these  months  458  cases  of  influenza  were  admitted  to  our  Xaval 
Hospital.  \\-\[h  171  dexeloping  i>neuiiionia  and  ()5  deaths.  This  means  a  case 
fatality  of  38  per  cent  for  pneumonia.  The  death  rate  among  cases  of  pneumonia 
originating  on  shore  at  Brest  was  38  per  cent,  while  among  those  taken  from 
transports  it  was  48  per  cent. 

The  influenza  was  characterized  by  a  sudden  onset,  marked  prostration, 
rapid  rise  of  temperature  to  103''  to  105""',  headache  and  myalgia,  and  in  severe 
cases  a  cloudy  skin.  The  k'ucoc\te  count  was  low.  while  that  of  the  lymphocytes 
was   relati\ely  high.      Throat   symptoms  were   not   marked   notwithstanding  the 
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fact  that  ill  the  region  of  P)rest,  primary  C(j1(1s  are  eoinnionly  marked  liv  earl}- 
pharyngitis  and  e\en  l)y  laryngitis,  and  sometimes  hy  tracheitis.  Epistaxis  was 
frequent.  Ikit  few  cases  escaped  bn^ichitis.  which  api)eared  in  manv  instances 
atter  the  temperature  had  dropped  to  normal  and  patients  were  apparently  con- 
valescing. Two  cases  of  influenza  showed  symjjtoms  strongly  suggestixe  of  ap- 
pendicitis. ]n  only  one  case  was  there  a  definite  gastrointestinal  form  of  griy)pe, 
showing  marked  nausea,  vomiting,  high  temperature  and  severe  diarrhea.  This 
patient,  after  his  temperatm-e  had  reached  normal  and  his  diarrhea  disappeared, 
was  suddenly  seized  with  severe  pain  in  his  right  side.  His  temperature  rose  to 
105°,  the  leucocyte  count  which  was  only  5,000  during  his  early  attack  rose  to 
14,200,  and  distinct  signs  of  involvement  of  the  right  lower  lobe  appeared.-  This 
case  finally  ended  in  recovery. 

In  a  large  percentage  of  the  cases  pneumonia  was  at  first  distinctly  lobular, 
but  the  areas  of  involvement  soon  became  multiple  and  of  wide  extent.  Bacterio- 
logical study  demonstrated  the  presence  of  pneumococci,  Type  I,  l)oth  in  the 
sputum  during  life  and  in  the  heart  l)lood  after  death.  Many  cases  were  char- 
acterized by  the  usual  bloody  sputum  and  some  showed  a  decided  increase  in 
leucocytes,  though  few  reached  the  large  numbers  usually  found  in  pneumococcus 
pneumonias.  Most  cases  showed  a  bronchitis  present  on  both  sides  and  ac- 
companied by  cyanosis  and  extreme  dyspnea. 

The  sputum  varied  from  plain  mucopurulent  to  typical  pneumococcic.  The 
influenza  bacillus  was  found  in  one  of  the  specimens  only.  In  another  there  was 
found  a  pure  culture  of  staphylococcus.  These  findings  were  confirmed  by 
securing  pure  cultures  directly  from  the  lungs  postmortem.  The  conclusion  was 
that  the  disease  was  a  real  pneumococcus  infection  complicated,  however,  in 
some  instances,  with  bronchitis  in  an  exaggerated  foiTn.  In  one  case  hemolytic 
streptococci  were  found  in  the  blood  during  life,  and  on  postmortem  examination 
pure  cultures  of  this  organism  were  obtained  from  the  heart  blood  in  seven 
cases.  Throat  cultures  made  upon  admission  showed  no  hemolytic  streptococci. 
In  the  French  hospital  at  Brest  during  the  same  period,  of  64  blood  cultures,  47 
were  negative  and  11  gave  such  a  varied  growth  as  to  suggest  contamination. 
In  6  cases,  all  severely  ill,  streptococci  were  found ;  in  2  this  organism  was 
associated  with  a  diplococcus.  Six  lung  punctures  gave  pure  cultures  of  strepto- 
cocci in  4  instances,  while  2  v^-ere  sterile.  At  the  French  hospitals  the  sputum 
showed  streptococcus  infrequently,  but  these  organisms  were  recovered  in  all 
cases  coming  to  autopsy,  and  cultures  from  the  heart  blood  of  those  dead  of  in- 
fluenza contained  streptococci  in  all  instances.  In  one  case  where  the  autopsv 
was  delayed  streptococci  were  associated  with  a  septic  vibrio.  French  observers 
said  that  this  streptococcus  presents  the  biologic  properties  of  streptococci  in 
general,  only  occasionally  were  they  of  the  hemolytic  type,  and  they  lav  stress 
on  the  fact  that  it  is  highly  virulent  for  man.  This  was  demonstrated  acciden- 
tally when  one  of  the  French  surgeons,  who  was  infected  in  making  a  pleurotom\- 
on  a  case  of  grippe,  died  of  streptococcus  septicemia. 

Sixty-nine  autopsies  were  performed  at  the  United  States  Xaval  Base  Hos- 
pital No.  5  on  bodies  dead  of  influenza  during  the  last  two  months.  The  jtathol- 
ogist  thinks  that  the  cases  studied  here   fall   among  the  lobar  t\]>e  rather  than 
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under  tlic  ninssixc  bronchopneumonia  type.  I'rom  clinical  experience  alone  one 
would  lia\e  expected  to  lia\e  a  larj,'er  nunilier  of  l)ronclioi)neumonias,  but  re- 
coveries anionic  tln\  type  of  ca^e^  were  peiliap-  ])ro])ortiiiiialely  larj^er. 

Masks  api)t-ared  lo  he  of  \  aluc  in  liniilinif  the  transmission  of  influenza 
from  iiatieiil  lo  patient  as  well  a^  I'rum  patient  to  nurse  anrl  Ifj  hospital  corps- 
men.  .Ma>ks  are  not  rectnnmended  for  ])ni'umonia  jtatients,  as  they  interfere 
with  the  hreathinfj  and  are  rarely  kept  in  place.  The  beds  in  the  hospitals  were 
converted  into  cubicles,  and  it  is  believed  that  this  procedure  was  of  service. 

The  conclusion  of  tlii>  report,  which  is  made  by  Lieutenant  Commander 
James  E.  Talley,  M.  C,  U.  S.  X.  R.  F.,  is  stated  as  fcjllows : 

"A  very  severe  epidemic  of  influenza  has  just  ended  in  which  over  10  per 
cent  of  the  cases  appearing^  at  this  station  developed  pneumonia  which  clinically 
usually  developed  as  a  lobular  pneumonia  but  tended  to  involve  wide  areas.  In- 
fluenza bacilli  were  demonstrated  but  rarely.  This  we  believe  has 'been  a  com- 
mon exi)erience  in  France.  However,  the  ])Ossibility  that  a  filterable  virus  is 
the  cause  of  influenza  is  not  yet  excluded,  and  one  is  just  beginning  to  hear  more 
of  the  filterable  coccoid  form  of  the  influenza  bacillus.  There  seems  good 
reason  to  believe  that  streptococci  and  various  pneumococci  are  often  secondary 
invaders,  because  in  the  same  cindeniic  the  same  workers  in  difterent  places 
have  found  different  bacteria  predominating.  For  instance,  one  hears  that 
Dr.  Martin,  the  subdirector  of  the  Pasteur  Institute,  who  spent  some  weeks 
here  when  streptococci  seemed  to  be  most  active,  now  finds  pneumococci  the 
commonest  bacteria  in  his  material,  whereas  in  other  parts  of  Paris  streptococci 
still  predominate.  Here  in  the  local  French  hospitals,  where  earlier  one  found 
only  streptococci,  manv  pneumococci  are  now  seen." 

—V.  C.  V. 


Influenza  in  Camp  Custer 

THIS  report  was  made  by  Major  lohn  S.  Billings.  The  epidemic  made 
its  appearance  at  Camp  Custer  on  September  23.  It  followed  an  increased 
prevalence  of  coughs,  colds,  tonsillitis,  bronchitis,  pharyngitis,  etc.  The  total 
strength  of  the  comm.and  is  that  of  October  1,  1918,  and  is  given  as  39,678. 
It  is  a  question  whether  the  colds,  etc.,  referred  to  as  having  occurred  before 
September  23  were  or  were  not  cases  of  influenza.  At  least  on  and  after 
September  23  these  cases  were  diagnosed  as  influenza.  From  September  23 
the  number  of  cases  increased  in  fairly  regidar  geometrical  proportions,  reach- 
ing its  maximum  on  October  2  when  1.227  cases  were  admitted.  The  crest 
of  the  wave  held  for  about  four  days,  when  a  fall  followed.  The  regression 
was  steady  and  continuous,  the  number  falling  below  100  on  October  14.  below 
50  on  Octol>er  20.  below  20  on  October  24.  and  below  10  on  October  29.  The 
epidemic   was  declared  closed  on   Xovember  3. 

The  ei>idemic  appeared  in  the  78th  Infantry  first,  which  numbered  3.5ol. 
The  general  sanitary  condition  of  this  command  was  excellent  in  all  respects 
save  one      All  organization^  were  instructed  to  boil  their  mess  kits,  the  order 
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being-  issued  in  Auijust,  1*)1S.  Thi-ough  some  confusion  and  delay  the  78tli 
Infantry   did   not   l)ei;"in   sterili/.ini^-  their  mess  kits   until    September  26. 

The  l(')Oth  Depot  Brigade  numl)ered  14,04S,  making  more  than  one-third 
of  the  entire  command.  The  units  of  this  brigade  were  widely  scattered 
throughout  the  camj)  and  under  varying  housing  conditions.  Their  make-up 
also  differed — some  consisting  of  negro  troops,  others  consisting  largely  of 
venereal  cases. 

The  41st  Field  Artillery  had  the  greatest  number  of  cases  in  proportion  to 
its  strength  { 54?>  ]X'r  1,000).  Major  I^illings  says  that  this  mav  have  been 
due  to  one  of  two  things:  (a)  on  Octol)er  5  a  detail  of  100  men  from  this  or- 
ganization \\as  sent  to  the  Ikise  Hospital  Annex  for  night  work,  returning 
to  their  barracks  the  next  day.  On  October  6  a  new  detail  of  100  men  did 
the  same  thing,  and  35  on  October  7.  The  morbidity  increased  from  14  cases 
on  October  5  to  135  (mi  October  6;  (b)  this  organization  had  among  its  sick 
the  highest  ])ro])ortion  of  men  of  less  than  two  months  in  the  service. 

Field  Artillery  No.  42  came  next  with  a  morbidity  of  509  per  1,000.  No 
reason  could  be  found  as  the  regiment  was  located  in  a  very  desirable  part  of 
the  camp.  Its  percentage  of  new  men  was  low  and  special  precautions  were 
taken  to  quickly  isolate  new  cases.  No  man  with  a  temperature  over  100°  was 
detailed  to  fatigue  duty.  The  10th  Infantry  bad  the  lowest  morbidity  (162 
per  1,000)  with  30  per  cent  of  new  men.  Next  in  order  came  the  Sanitary 
Train  with  163  per  1,000,  and  57  per  cent  of  new  men. 

Of  the  total  of  10,421  cases,  4,668  were  admitted  direct  to  the  Base  Hos- 
pital, 5,457  to  the  particular  Regimental  Hospital,  and  296  were  sent  to  quarters. 

It  was  the  opinion  of  the  organization  surgeons  that  typical  cases  of  in- 
fluenza were  seen  as  early  as  September  22,  and  while  the  severity  of  the 
cases  became  greatly  intensified,  the  change  Avas  one  of  degree  only.  How- 
ever, at  the  Base  Hospital  it  was  felt  that  few  cases  of  true  influenza  were 
admitted  prior  to  September  27.  The  entire  symptom-complex  seemed  to  change 
on  that  day,  and  the  cases  admitted  to  the  hospital  from  then  on  were  of  a  very 
different  and  more  severe  type.  The  earlier  cases  were  recorded  as  simple 
bronchitis  and  pharyngitis  of  no  great  severity,  the  majority  soon  recovering. 
The  epidemiologist  says  that  he  can  give  no  information  as  to  wdiich  group  of 
observers  was  correct,  but  consideration  of  the  records  would  make  it  seem 
unlikely  that  there  were  two  distinct  diseases  for  the  following  reasons : 

1.  No  cases  of  simple  bronchitis  or  pharyngitis  were  reported  after  Septem- 
ber 29,  although  on  the  four  preceding  days  there  were  577  cases  of  bronchitis 
and  144  of  pharyngitis. 

2.  As  far  as  could  be  ascertained,  none  of  the  patients  admitted  prior  to 
September  27  returned  later  suffering  from  the  more  severe  type  of  illness. 

3.  There  was  no  further  sharp  increase  in  the  number  of  cases. 

4.  There  was  no  sudden  increase  in  the  fatality  of  the  cases  occurring  after 
that  date.  However,  he  says  it  is  not  only  possible,  but  probable,  that  one  or  more 
new  infections  were  superadded  to  the  original  infection  at  the  time  mentioned 
above. 

5.  Cases  of  the  milder  type  returning  to  quarters  from  hospitals,  while  seem- 
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iii.i,'-Iy  inimtinc  (o  infcrtion  with  the  nunx-  severe  type  oi  the  disease,  were  f«jllowefl 
l»y  the  (K\  (.loiiiiiciit  (it  i.isi'^  of  the  latter  tyj)e.  Cjne  instance  occurrcfl  in  the 
Nth  .Anintuiiitioii  Train,  wht'i-e  J.  I,,  was  sent  to  the  I'a^e  Hospital  on  Septem- 
her  20.  Me  was  (Hscharf,a'(l  still  coiifrhinq-,  on  September  27,  as  having  suffered 
from  bronchitis.  lU'Iiexinf,'-  the  case  to  ha\c  been  one  of  influenza,  llie  surj^con 
had  him  cubiclrd  in  the  loiiu'r  of  the  barracks,  and  warned  him  to  kcej)  away 
frcMU  other  men;  but  two  cases  dcvel(j[)ed  in  that  corner  <>{  the  barracks  on 
Se[)tcmber  29,  with  20  more  cases  in  the  next  tlirce  days. 

6.  There  was  a  shar])  increase  in  the  number  of  pneumonia  cases  coincident 
with  the  rise  in  the  influenza  cases,  and  the  two  curves  continued  to  corresfx^nd. 

The  most  noteworthy  symj^toms  were  as  follows:  marked  prostration,  al- 
most comatose  somnolence,  dull  expression,  Hushed  and  often  cyanotic  face,  rel- 
ative absence  of  cout^h,  and  marked  congestion  of  the  mucous  membranes,  con- 
gested eyes,  red  throat,  hemojitysis  and  cpistaxis.  The  last-mentioned  svmptom 
was  noted  in  30  per  cent  of  the  cases  in  one  cfmimand.  The  congestion  of  the 
conjunctiva  and  sclera  was  so  characteristic  that  a  diagnosis  could  be  made  even 
at  a  distance. 

It  was  ol)served  in  man\'  cases  that  indi\iduals  admitted  with  high  temper- 
ature would  often  improve  quite  markedly  after  twenty-four  hours  and  walk 
to  the  lavator}%  but  in  a  few  days  their  condition  would  grow  rapidly  worse  with 
the  development  of  pneumonia.  On  the  other  hand,  cases  with  moderate  or  low 
temperature  would  improve  more  slowly,  but  more  continuouslv,  and  less  fre- 
quently develop  pneumonia.  Although  the  onset  of  the  attacks  was  sharp  and 
sudden,  yet  an  initial  chill,  or  one  on  the  development  of  pneumonia,  was  rarely 
or  never  observed.     Xo  rashes,  skin  eruptions,  or  other  exanthems  appeared. 

The  Streptococcus  hemol}ticus  was  present  in  75  per  cent  of  the  cultures, 
the  Bacillus  influenz.'e  in  about  1  per  cent.  The  Bacillus  influenzae  was  found  in 
only  8  per  cent  of  the  cases  of  influenza  in  the  prepneumonia  stage,  as  against 
34  per  cent  of  the  Streptococcus  hemolyticus,  and  12  per  cent  of  the  pneumo- 
coccus.  After  the  development  of  pneumonia  the  Bacillus  influenz<e  was  found 
in  4  per  cent,  usually  associated  with  the  streptococcus,  while  the  streptococcus 
was  found  in  26  per  cent. 

Pathologically  the  cases  were  pronounced  bronchopneumonia,  and  it  is 
believed  that  the  lesions  were  due  principally  to  the  streptococcus.  There  was 
marked  leucopenia. 

Following  the  epidemic  there  was  an  increase  in  cases  of  tonsillitis,  ervsipelas 
and  otitis.  Empyema,  which  had  occurred  rarely  during  the  summer,  developed 
in  43  cases  of  pneumonia  after  October  17.  There  were  30  cases  of  otitis  media 
at  the  r.ase  Hos])ital  duiing  the  month  of  Octolier. 

Sixty-four  per  cent  of  the  men  had  been  in  the  service  only  two  months. 

The  41st  Field  Artillery  showed  the  greatest  relative  percentage,  and  the 
Quartermaster  Coqis  the  least.  The  increased  prevalence  of  the  disease  in  the 
first  two  months  after  enlistment  has  been  ascribed  to  the  larger  proportion  of 
unfit  men  in  the  service  at  that  period  ;  that  is.  unfit  men  who  had  not  been 
weeded  out. 

Most   surgeons   reported   that  the   rurals   in   their   command   suffered   more 
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largely  than  urbans.  li  was  tlioui^lil  In-  some  that  the  crowdinj^,  clue  to  a  series 
of  lectures  on  \enereal  diseases  just  about  the  time  the  epidemic  aiipcared,  gave 
opportunity  for  the  wide  dissemination  of  the  contagion. 

Three  thousand  six  lumdred  thirty-three  of  the  command  were  in  tents.  The 
morbidity  per  thousand  in  thttse  was  129.  Thirty-six  thousand  fifty-fi\e  were  in 
barracks.  The  morbidity  per  thousand  among  those  was  275.  At  first  glance 
the  lower  morbidity  of  those  in  tents  is  striking,  (loing  further  into  the  matter, 
however,  it  is  found  that  the  entire  morbidity  of  the  Quartermaster  Cori)S  was 
very  low. 

Of  the  Depot  Brigade,  2,881  were  in  tents,  with  a  morbiditv  of  128  per 
thousand,  while  3,824  were  in  barracks,  with  a  morbidity  of  134  per  thousand. 

During  the  month  of  September  and  the  first  part  of  October,  the  weather 
was  splendid.  Before  ihe  beginning  of  the  epidemic  all  organizations  in  the  Di- 
vision were  doing  intensive  work.  The  ration  was  liberal,  the  average  consump- 
tion per  man  being  between  4,000  and  5,000  calories. 

One  of  the  larger  organizations  did  not  promptly  observe  the  regulations 
requiring  that  all  mess  kits  and  table  ecjuipment  be  i)roperly  sterilized.  This  may 
have  played  a  part  in  the  epidemic,  and  may  be  the  reason  the  disease  appeared 
so  early  and  spread  so  rapidly  in  this  particular  organization.  It  was  largely  felt 
that  the  two  blankets  supplied  were  not  enough,  and  that  the  men  were  cold  at 
night. 

Camp  Custer  is  about  fi\e  miles  from  Battle  Creek,  which  has  a  population 
of  about  32,000.  The  first  cases  in  Battle  Creek  were  reported  on  September 
30.  There  was  a  sharp  increase  on  and  after  October  3.  It  is  improbable  that 
Camp  Custer  owed  its  outbreak  to  Battle  Creek. 

— F.  C.  V. 
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L  LESIONS  OF  THE  RESPIRATORY  TRACT 

THAT  irritation  and  inllamniation  of  the  upper  respiratory  tract,  terminating 
in  pneumonia,  can  be  experimentally  produced  in  animals  by  mustard  gas  was 
demonstrated  in  1886  by  Victor  Meyer,  the  discoverer  of  this  chemical  entitx". 
After  its  introduction  into  military  use  by  the  Germans,  in  the  present  war,  the 
irritant  effects  of  mustard  gas  upon  the  mucous  membranes  of  the  respiratory 
tract  were  noted  by  medical  obser\-ers  in  the  Allied  Annies.  The  earlier  British 
Army  reports  describing  the  respiratory  symptoms  produced  by  exposure  to  mus- 
tard gas  speak  of  an  initial  tendency  to  sneeze,  with  gradually  increasing  nose  and 
throat  irritation,  followed  in  about  twelve  hours  by  a  free  discharge  of  mucus 
from  the  nose.  Prolonged  exposures,  even  to  slight  concentrations,  were  observed 
to  cause  lar}'ngitis  and  aphonia,  even  severe  enough  to  put  the  men  out  of  action. 
In  the  more  severe  cases  bronchitis  and  pneumonia  were  found  to  develop  thirt}-- 
six  to  forty-eight  hours  after  the  exposure.  Ulceration  of  the  mucous  mem- 
branes of  the  respiratory  passages  may  be  so  extensive  and  severe  as  to  cause 
death  in  themselves  or  a  fatal  bronchopneumonia  may  follow.  About  95  per 
cent  of  the  men  gassed  with  mustard  gas  showed  involvement  of  the  respiratory 
tract. 

Giraiid  {Journal  de  Medccinc  et  dc  Cliinirgic  Pratiques,  1917.  Ixxxviii,  890) 
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found  that  symptoms  of  involvement  of  the  respiratoiy  tract  in  tlic  form  of 
aphonia,  coughing,  tracheitis  and  bronchitis  were,  next  to  the  eye  lesions,  the  most 
common  afifections  produced  by  exposure  to  mustard  gas.  Mandcl  and  Gibson 
{Journal  American  Medical  Association,  1917,  p.  247)  describe  the  respiratory 
symptoms  of  mustard  gassing,  as  an  "irritative,  noninflammatory,  nonfebrile" 
laryngitis  and  bronchitis,  with  a  feeling  of  constriction  about  the  larynx,  tight- 
ness of  the  chest,  aphonia,  and  paroxysmal  cough,  particularly  severe  at  night, 
with  a  serous  discharge  in  the  mild  cases,  hemorrhagic  expectoration  in  the  most 
severe,  and  purulent  in  the  late  stages  complicated  by  bronchopneumonia.  The 
physical  signs  are  those  of  a  dilTuse  bronchitis.  The  chief  complications  are  pul- 
monary edema  and  a  relatively  late  bronchopneumonia. 

PissarcUo  (Giornale  di  Medicina  Militarc,  1918,  Ixvii,  p.  128)  describes  the 
respiratory  afifections  in  mild  cases  of  mustard  gassing  as  coiyza,  dryness  of 
throat  and  hoarseness,  while  in  the  more  severe  cases  the  hoarseness  may  pass 
into  complete  aphonia,  with  congestion  and  tumefaction  of  the  phai-yngeal  mu- 
cosa, swollen  uvula,  and  spots  of  whitish-gray  exudate  over  the  pharyngeal  mu- 
cosa. He  noted  a  laryngotracheitis  only  in  the  most  severe  cases,  with  occasional 
extension  to  the  bronchi,  with  rales,  or  the  production  of  atelectatic  areas.  In 
only  two  cases  did  he  find  a  bronchitis  with  subfebrile  state. 

Rendu  (Lyon  Medical,  March,  1918,  p.  108)  gives  the  most  complete  clin- 
ical description  of  the  lesions  of  the  upper  respiratory  tract  caused  by  exposure 
to  mustard  gas,  with  a  series  of  figures  showing  the  location  of  the  lesions  in  the 
nose,  pharynx  and  lar3'nx.  The  nasal  symptoms  were  coryza  lasting  from 
one  to  five  days,  with  a  serous  discharge,  and  epistaxis  in  one-eighth  of  his 
cases,  and  very  frequently  a  diminution  or  complete  loss  of  the  senses  of  taste 
and  smell.  Rhinoscopic  examination  showed  usually  only  a  congestion  of  the 
niucosa,  but  in  some  cases  small  whitish  ulcers  were  present  at  the  level  of  the 
anteroinferior  portion  of  the  septum,  or  at  the  head  of  the  inferior  turbinate. 
The  chief  symptom  referable  to  the  pharynx  was  dysphagia,  appearing  usually 
about  the  second  to  third  day  and  lasting  about  four  to  six  days,  but  in  some 
cases  more  severe  and  of  longer  duration.  The  objective  symptoms  were  red- 
ness of  the  mucosa  accompanied  by  a  turgescence  of  the  uvula  and  the  posterior 
pillars.  In  about  15  to  20  per  cent  of  the  cases  seen,  localized  whitish  diph- 
theritic necroses  were  noted  upon  the  pharyngeal  mucosa,  particularly  upon 
the  uvula  and  the  neighboring  borders  of  the  pillars,  but  also  on  the  posterior 
pharyngeal  wall  in  its  median  portion,  or  behind  the  posterior  pillars.  In  the 
most  severe  cases  the  diphtheritic  eschars  covered  the  entire  posterior  wall  of 
the  oropharynx  and  the  laryngopharynx.  Rendu  found  laryngotracheal  symp- 
toms to  be  the  most  common  manifestation  of  the  action  of  mustard  gas  in  the 
tapper  respiratory  tract.  The  subjective  symptoms  were  sensations  of  tickling, 
dryness  or  burning,  localized  in  the  region  of  the  larynx  and  behind  the  sternum, 
lasting  for  several  days  or  weeks  according  to  the  intensity  of  the  lesions  of 
the  mucosa.  Coughing  was  constant  and  very  painful,  appearing  about  the 
same  time  as  the  laryngeal  sym])toms  just  described;  it  was  dry,  paroxysmal  i 
and  was  most  troublesome  at  night.  In  about  one  out  of  ten  cases  there  was 
for  several  days  a  blood-streaked  expectoration.     The  voice  was  rough  or  husky 
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in  U)  to  70  |icr  rnit  of  cases,  and  a  complclc  aphonia  ociurrcfl  in  aUoul  30  to 
40  JHT  cent.  Tlic  vocal  syni|)lonis  (li>ai>|icarc(l  very  slowly  as  a  rule.  Rcnflu 
observed  no  syni|)tonis  of  larynj^a-al  spasm  or  edema.  'I'lic  larynj^oscopic  ex- 
amination showed  chan,i,u-s  in  the  laryn}.,u-al  mucosa  ran^dnj^  from  a  more  or 
less  marked  hvpereiiiia,  acconi|ianied  hy  a  tumefaction  of  the  arytenoids  and 
ventricular  hands  and  the  folds  of  the  jnjsterior  commissure,  tf)  the  develop- 
ment of  whitish  eschars,  likT;  those  in  the  pharynx,  localized  at  different  places 
in  the  mucosa.  He  describes  the  development  of  the  eschars  as  follows:  Dur- 
in,i^  the  first  three  or  four  da\s  only  the  hyperemia  of  the  mucosa  is  noted; 
the  lar\ng()sco]iic  examination  is  often  difficult  because  of  the  abnormal  inten- 
sity of  the  pharynj^olaryngeal  reflexes.  I'rom  the  fourth  to  the  seventh  day 
the  necrosis  of  the  mucosa  begins  to  show  in  grayish  or  whitish  patches  re- 
sembling a  false  membrane.  These  eschars  were  observed  most  fref|uently  at 
the  vertex  of  the  arytenoid  ])}  ramids,  the  border  of  the  epiglottis,  and  the  free 
border  of  the  vocal  cords,  associated  as  follows:  epiglottis  and  arytenoids,  cords 
and  ar\tcnoids,  and  epiglottis,  cords,  and  arytenoids.  The  most  frequent  lesions 
of  all  were  the  isolated  eschars  of  the  vocal  cords  which  were  arranged  sym- 
metricallv  on  the  anterior  twothirds  of  the  free  borders  of  the  cords  in  the 
form  of  an  elongated  segment,  sharply  delimited  on  its  external  border,  but 
somewhat  irregular  on  its  internal.  The  eschars  are  creamy  white  in  color, 
while  the  remainder  of  the  cord  is  deej)  red.  The  healing  of  these  lesions  is 
verv  slow,  and  requires  several  weeks.  The  tracheal  lesions  are  analogous  to 
those  of  the  larynx;  their  subjective  symptoms  are  more  or  less  confounded 
with  those  of  a  bronchitis  so  often  coexistent  with  it. 

In  the  few  reported  autopsy  findings  in  cases  of  death  resulting  from 
mustard  gas  the  lesions  of  the  respiratory  tract  are  not  very  fully  described. 
CaucIIi,  in  one  case,  observed  a  diffuse  tracheitis,  bilateral  subacute  bronchitis, 
pulmonary  hypostasis  with  acute  diffuse  edema,  and  a  localized  fibrinoadhesive 
I)leuritis.  McNee*  in  summing  up  autopsy  findings,  states  that  the  respiratory 
tract  lesions  were  acute  inflammation  of  the  air  passages,  desquamation  of  the 
mucous  membranes  and  formation  of  false  membrane,  to  which  may  be  added  in- 
fection in  the  form  of  acute  purulent  bronchitis,  with  atelectasis  and  bronchopneu- 
monia. Emphysema  may  also  be  present.  Dunn*  in  four  autopsies  found  the 
chief  lesions  to  be  severe  damage  to  bronchi  and  bronchioles,  persistent  edema, 
and  severe  infection  of  respiratorv  tract,  bronchojnieumonia,  and  in  two  of 
the  cases,  hemorrhagic  exudations.  Karsner  {American  Journal  of  Medical 
Sciences,  1^18.  civ.  ^^04)  noted  the  following  respiratory  lesions  in  four  autop- 
sies following  death  from  mustard  gassing:  Mucous  membranes  of  nose  and 
pharynx  were  the  seat  of  a  marked  mucous  inflammation.  Larynx,  trachea 
and  bronchi  showed  severe  inflammation,  in  one  case  with  pseudomembrane 
formation,  in  two  others  with  nuiltiple  necroses  of  the  mucosa.  In  two  cases 
there  was  an  acute  fibrinous  pleurisy.  .\11  cases  showed  a  bilateral  broncho- 
pneumonia with  slight  general  edema  of  the  lungs.  Rendu  records  that  in  two 
autopsies  the  laryngotracheal  mucosa,  completely  necrosed,  was  detached  in 
shreds  like  a  false  membrane. 

The   animal    experiments   of   Kolls  and   Gilbert,   Raper   and  Ball,   Marshall 

*For  leterences,   see  Jour.    l.ah.   ami  Clin.    Med.,   191S.   iii,   Xo.   S.  p.   454. 
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and  Miller/^  and  others  liave  shown  that  mustard  gas  produces  in  exposed 
animals  coryza,  pharyngitis,  sahvation,  tracheal  rattle,  congestion  of  the  tracheal 
mucosa,  bronchitis  antl  bronchopneumonia.  In  the  United  States  Naval  Bulletin, 
April,  1918,  there  are  some  color  plates  of  the  gross  pathologic  changes  in 
trachea  and  larynx  of  a  dog  dying  forty-eight  hours  after  a  thirty-minute  ex- 
posure to  a  0.13  milligram-liter  concentration  of  mustard  gas.  Edema  and  con- 
gestion of  epiglottis  and  glottis,  and  an  acute  membranous  tracheitis  are  shown. 
A  section  of  lung  from  another  dog  shows  atelectasis  and  patches  of  focal  pneu- 
monia following  a  thirty-minute  exposure  to  0.056  milligram-liter  concentration. 
Plate  V  shows  similar  tracheal  and  pulmonary  conditions. 

The  pathologic  changes  in  the  respiratory  tract  described  above  are  chiefly 
those  noted  in  clinical  and  gross  pathologic  observations.  At  this  time  no  pub- 
lished reports  in  the  general  literature  exist  in  which  the  detailed  microscopic 
pathology  of  the  respiratory  tract  lesions  of  dichlorethylsulphide  gassing  are 
given.  It  is  the  object  of  this  paper  to  present  stich  a  statement  of  the  minute 
pathology  of  these  lesions,  in  such  a  way  as  to  give  a  complete  picture  of  the 
process  from  the  mildest  type  of  lesions  to  the  most  severe. 

METHOD 

In  our  gassing  investigations  we  have  made  use  of  a  simple  apparatus,  which 
has   served  our  purposes   most   effectively   and   is   to   be   recommended    for  its 


Fig.  1. — Experimental  Gassing  Apparatus.  (Pathological  Laboratory — University  of  Michigan.)  A^ 
Washer  containing  sulphuric  acid;  B,  Gas  container;  C,  Gassing  bo.x;  D  and  E,  Degassing  bottles;  F, 
Standard  gas  meter;  G,  Suction  pump. 


simplicity,  as  well  as  for  the  relative  accuracy  with  which  the  gas  concentration 
can  be  estimated.     As  shown  in  Fig.  1,  it  consists  of: 

A,  one  or  more  bottles  containing  sulphuric  acid  for  drying  the  air  admitted. 

B,  a  container  for  the  liquid  mustard  gas  so  arranged  as  to  be  easily  de- 
tached from  the  tubing,  so  that  when  stoppered  with  a  ground  glass  stopper, 
it  can  be  weighed  with  its  contents.  Above  this  is  a  shunt  tube  for  varying 
the  amount  of  pure  air  admitted  to  the  chamber,  thus  varying  the  concentra- 
tion of  gas  obtained.  Within  the  mustard  gas  bottle  strips  of  absorbent  paper 
are  so  arranged  as  to  increase  the  evaporation  surface.  When  used  for  experi- 
mental work  with  toxic  substances,  which  are  gaseous  at  room  temperature, 
the  gas  intake  replaces  this  weighing  bottle. 

C,  a  gassing  chamber  which  is  large  enough  to  hold  several  small  animals 


*For  references,  see  Jnur.    I.ali.   and  Clin.    Med.,   1918,  iii,   No.   8,  p.   454. 
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or  a  larj^e  (h)^.  ll  has  a  removable  plate  glass  top,  so  that  the  animals  can  be 
observed  (lurinff  j^assinfj;  this  is  scaled  diirinj,'  the  cxi)erimcnt  with  the  gutta- 
I)crcha-tall(>\\  mixture,  conimoiily  used  for  making  air-tight  seals  for  museum 
jars,  and  may  be  held  in  ])osition  by  a  heavy  weight,  if  necessary. 

D  and  II,  bottles  for  removing  the  gas  from  the  air  flowing  from  the  cham- 
ber, so  tli.it  llic  amount  j)assing  over  can  again  be  estimated  here  if  desired. 
When  used  iDr  nuislard  gas  these  bottles  may  contain  a  chlorinated  solution 
for  the  destruction  of  the  gas. 

F,  a  standard  gas  meter  for  measuring  the  amount  of  air  passing  through 
the  chamber. 

C,  a  suction  pumj)  attached  to  the  city  water  supply. 

After  detaching  the  weighing  bottle  air  is  drawn  through  the  gassing 
chamber  for  some  time  in  order  to. wash  out  the  mustard  or  other  gas  remain- 
ing. The  weight  of  mustard  gas  used  is  obtained  by  difference  and  the  amount 
of  air  drawn  through  during  the  period  in  which- the  bottle  is  attached  is  recorded 
from  the  gas  meter.  Tlie  concentration  represented  by  these  figures  is  obtained 
by  reference  to  a  transformation  table.  The  results  are  as  approximately  cor- 
rect as  can  be  obtained  by  any  other  form  of  gassing  chamber,  and  the  appara- 
tus has  the  advantage  of  simplicity.  As  far  as  mustard  gas  is  concerned,  such 
factors  as  variable  absorption  by  the  hair  of  the  animal,  etc.,  introduce  unavoid- 
able errors,  so  that  absolute  accuracy  of  method  can  not  be  obtained,  regardless 
of  the  limitations  of  the  apparatus. 

The  animals  were  killed  by  direct  blow  upon  the  neck  to  avoid  the  changes 
in  the  respiratory  system  produced  by  an  anesthetic.  Autopsies  were  made 
as  quicklv  as  possible  after  the  death  of  the  animal.  The  tissues  were  fixed  in 
formol,  were  embedded  in  paraffin  and  the  usual  stains,  hematoxylin  and  eosin, 
etc.,  were  employed. 

GROSS   AND    ^MICROSCOPIC    PATHOLOGY 

Various  series  of  animals  were  exposed  to  varying  concentrations  of  mus- 
tard gas  in  the  gassing  chamber  for  varying  periods  of  time.  It  was  found 
that  rabbits  would  survive  a  forty-minute  exposure  to  a  dilution  of  1:110,000, 
recovery  taking  place  after  a  period  of  respiratory  involvement.  For  purposes 
of  brevity  typical  protocols  have  been  selected  and  are  given  here. 

R.\BBiT  32. — Exposed  in  the  gassing-  chamlier  for  forty  minntes  to  a  1:110.000  con- 
•centration.  During  the  gassing  the  rabbit  frequently  changed  position,  rubbed  its  nose, 
and  showed  signs  of  irritation.  When  removed  from  the  gassing  chamber  the  rabbit 
appeared  unaffected  in  any  way.  In  two  and  one-half  hours  conjunctival  erythema  and 
increased  lacrimation  were  evident,  these  s>Tnptoms  increasing  until  the  animal  was 
killed.  Seven  and  one-half  hours  after  removal  from  the  box,  symptoms  of  coryza  mani- 
fested themselves.  Twelve  hours  after  removal  from  gassing  chamber,  ra'bbit  was  killed 
by  blow  upon  the  neck.  The  conjunctiv^e  presented  marked  congestion  and  edema,  and 
were  covered  with  purulent  flakes.  The  bulbar  conjunctiva;  showed  a  marked  collar  of 
edema  at  the  limbus.  The  cornea  showed  a  slight  haziness,  and  at  its  vertex  there  was 
a  definite  necrosis  of  the  superficial  epithelium.  This  area  was  irregularly  oval  in 
shape.  The  lid  margins  showed  marked  congestion  and  the  skin  about  mouth  and 
nostrils  was  erythematous. 

Autopsy  showed  right-sided  dilatation  of  the  heart.  Xo  fluid  was  found  in  the 
pleural  cavity,  and  there  were  no  pleural  changes.  On  section  the  lungs  showed  marked 
■congestion  and   edema  without  hemorrhages  or  atelectasis  visible  to   the  naked   eye.     Xo 
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Fig.  2. — Section  of  laryngeal  mucosa,  Rabbit  31.  Exposed  thirty-five  minutes  to  a  concentration  of 
1 :30,000.  Killed  thirty  hours  after  gassing.  Pyknosis  and  mucoid  degeneration  of  the  epithelium.  i  Marked 
congestion  and  edema  of  the  subnuicosa. 


•■^  -  ■  ^    •♦ 


*  f* 


4  O  J 
» » ' 


?-.''*.- -fe-.; 


Fig.   3. — Section   of   tracheal    wall   of   .■^alll^.    raljijil   as   iMg.    2.      Similar   cliangcs   in    cpithcliinn   and   suliuuicosa. 
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i-ig.  1.  k.il.ibii  3(1.  J'lxiiusfd  thirty  iniiiulL,-  ij  ,.  u  uiicentration  of  1:15,000.  Killed  ;  . 
quarter  days  after  gassing.  Section  of  larger  bronchus  showing  lumen  filled  with  edema  fluid, 
epithelium   shows   marked   inucoid    and   hydropic   degeneration. 
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Fig.  6. — Rabbit  32.  Exposed  forty  minutes  to  a  1:110,000  concentration.  Killed  twelve  hours  after 
removal  from  gassing  chamber.  Section  of  lung.  Marked  congestion,  edema,  and  areas  of  partial 
atelectasis  alternating  with   those   of  emphysema. 
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Fig.  7. — Rabbit  33.  Exposed  twenty  minutes  to  a  concentration  of  1:1,S,000.  Killed  thirty-six  hours 
after  gassing.  Section  of  trachea  showing  acute  catarrhal  desquamative  tracheitis;  marked  mucoid  de- 
generation of  the  epithelium;  congestion  and  edema  of  the  submucosa.  L,umen  filled  with  nuicus  contain- 
ing many   desquamated   cells. 
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tlitTcixiucs  hrtwuii  iipinT  and  lower  loln-s  wen-  iiotfil,  Tlic  traclica  was  filled  with 
frothy  mucus  and  tlic  niuctjsa  was  congested,  i)articnlarly  in  the  ujiia-r  jKirtion,  the  con- 
gestion diminishing  helow/  toward  the  hronchi.  The  mucosa  of  the  entire  ui»per  respiratory 
tract,   nose,   mouth,   jiliTirynx   and   larynx    showed   congestion    without   hemorrhages. 

Microsco/^ic  I'tiidiiu/s.—Nosc  Sections  from  the  skin  alH)Ut  the  nostrils  show  slight 
pyknosis  of  the  epidermis  and  congestion  of  the  vessels,  without  otlicr  changes.  The 
mucous  memhrane  of  the  nose  shows  a  marked  congestion,  more  marked  pylaio>.is  of  the 
epithelium  and  slight  edema.  Sections  from  the  pharynx  and  larynx  show  a  marked  con- 
gestion with  extreme  mucous  degeneration  of  the  mucous  glands.  Tiiere  is  pyknosis  of 
the  upper  layers  of  epithelium  of  the  mucous  memhrane  hut  no  definite  necrosis.  The 
acini  of  the  mucous  glands  are  greatly  enlarged  and  filled  with  deef)  hlue-staining  mucus. 
The  ducts  arc  dilated  and  filled  with  mucus.  There  is  hut  slight  edema  of  the  mucous 
membrane  and  no  hemorrhages.  These  signs  diminish  in  the  trachea  except  for  the 
edema,  which  is  soiiuwhat  greater  in  the  lower  part  of  the  trachea  than  above,  and  there 
is  an  increased  number  of  wandering  cells  in  the  mucosa.  The  columnar  cells  of  the 
tracheal  mucosa  show  more  marked  changes  than  the  squamous  epitheliiun  of  the  upper 
respiratory  tract.  'J'hc  great  majority  show  a  hydropic  or  a  mucoid  degeneration.  The 
epithelium  is  intact  for  the  greater  part  but  small  patches  of  desquamation  occur.  The 
larger  bronchi  present  the  same  appearance  as  the  trachea,  though  to  a  somewhat  lesser 
degree.  The  smaller  hronchi  are  filled  with  mucus.  The  epithelium  shows  mucoid 
degeneration  and  occasioned  areas  of  desquamation.  The  walls  of  the  larger  bronchi  are 
edematous,  the  vessels  markedly  congested,  hut  there  is  no  increase  in  leucocytes.  The 
exudate  in  the  bronchi  is  entirely  mucoid  or  albuminous  in  character,  not  fibrinous.  There 
is  no  hemorrhage  into  the  bronchi.  The  luny  tissue  shows  extreme  congestion  and 
marked  edema,  with  numerous  minute  hemorrhages,  too  small  to  be  seen  with  the  naked 
eye  (see  Fig.  6).  A  irnfijority  of  the  alveoli  are  filled  with  a  heavy  albuminous  precipitate, 
but  scattered  throughout  the  lung  -are  numerous  emphysematous  alveoli  and  dilated  bron- 
dhioles.  No  areas  of  complete  atelectasis  are  seen,  although  edematous  areas  .-how  partial 
collapse. 

The  changes  in  the  respiratory  tract  of  this  animal  are  those  of  an  acute 
catarrhal  rhinitis,  pharyngitis,  laryngitis,  tracheitis  and  bi'onchitis,  decreasing 
somewhat  in  intensity  from  above  downwards,  with  pulmonary  congestion  and 
edema. 

Rabbit  33. — Exposed  twenty  minutes  to  a  concentration  of  1:15,000.  During  the 
exposure  the  rabbit  changed  its  position  from  that  of  facing  the  inflowing  mustard  gas 
to  the  opposite  direction.  Three  hours  after  removal  from  the  gassing  chamber  the 
animal  showed  increased  lacrimation  in  both  eyes.  The  borders  of  the  eyelids,  skin  areas 
about  the  mouth  and  nostrils,  the  ears  and  all  parts  of  the  body  where  the  hair  \vas  short 
and  thin  exhibited  a  marked  erythema.  The  animal  showed  marked  photophobia  and 
irritation  of  the  eyes.  Eight  hours  after  removal  from  the  chamber  flakes  of  purulent 
material  were  seen  over  the  conjunctivae  and  a  definite  coryza  had  developed.  The  con- 
junctivae were  edematous  and  congested.  These  symptoms  increased  for  thirty-six  hours, 
when  the  animal  was  killed. 

Autopsy  showed  a  severe  conjunctivitis  and  coryza.  Right-sided  dilatation  of  the 
heart.  The  upper  air  passages  were  filled  with  foamy  exudate  and  the  mucosa  was  con- 
gested. Pleural  cavities  and  pleurae  negative.  The  lungs  were  markedly  congested,  the 
right  lung  more  so  than  the  left.  The  lungs  appeared  air-containing  throughout,  except 
for  the  midddle  lobe  on  the  right,  wliich  was  solid  in  areas,  dark  red  in  color.  On  sec- 
tion it  bled  but  slightly.  Beyond  congestion  no  other  changes  were  found  in  any  organs 
or  tissues. 

Microscopic  Findings. — The  cutaneous  borders  of  the  nostrils  show  necrosis,  edema, 
congestion  and  marked  leucocyte  infiltration  of  the  corium.  The  mucous  membrane  of  the 
nose  presents  patches  of  necrosis  of  the  epitheliiun,  congestion  and  edema,  areas  of  small- 
celled  infiltration  of  the  submucosa,  and  marked  mucous  degeneration  of  the  mucous 
glands.  Mouth  and  pharynx.  Sections  of  tongue  and  phar\-ngeal  wall  show  a  contrac- 
tion of  the  upper  half  of  the  squamous  epithelium  with  pyknosis  of  the  nuclei,  congestion 
of  the  vessels,  slight  edema  of  the  submucosa  and  slight  small-celled  infiltration.  The 
larynx  presents  patches  of  necrosis  in  the  hyperemic  mucous  membrane  with  marked  edema 
<?xtending    to    tlie    cartilages.      Small-celled    infiltration    is    well    marked.      Mucous    glands 
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sliow  marked  mucoid  dcgnicnition.  Tlic  surface  of  the  mucosa  of  tlic  trachea  is  covered 
vvitli  patches  of  mucus  coutaining  desquamated  cells.  The  epithelium  shows  marked  mu- 
coid aud  hydropic  degeneration ;  there  are  large  areas  of  complete  necrosis  with  des- 
quamation. In  the  suhmucosa  there  is  a  marked  edema  extending  to  the  cartilage  rings, 
The  vessels  are  markedly  congested  (see  Fig.  7).  The  larger  hronchi  show  marked  degen- 
eration and  necrosis,  <ind  desquamation  of  the  epithelium,  the  epithelium  being  represented 
for  tiie  greater  part  by  a  single  line  of  nuclei  at  the  'base.  Many  of  the  bronchi  are  filled  with 
an  exudate  of  mucus  containing  many  desquamated  and  degenerating  cells  but  few  leuco- 
cytes. There  is  some  edema  of  the  walls  of  the  bronchi  and  the  number  of  leucocytes  is 
increased  around  the  bronchi.  The  smaller  bronchioles  show  a  better  preserved  mucous 
me.mbrane  but  many  of  the  cells  are  vacuolated,  presenting  mucoid  or  hydropic  degenera- 
tion, and  desquamation  is  frequent.  The  lung  shows  practically  the  same  picture  as  in  the 
preceding ;  marked  congestion  and  edema,  small  hemorrhages  into  the  alveoli  and  emphysem- 
atous alveoli  and  dilated  bronchioles.  Many  of  the  edematous  areas  show  partial  atelec- 
tasis. The  apparently  solid  area  from  the  right  lung  presents  a  more  marked  atelectasis 
and  a  greater  degree  of  edema  but  nn  pneumonia.  Other  organs  show  marked  congestion 
without  other  changes. 

The  microscopical  picture  ii;  this  case  is  similar  lo  that  in  the  preceding, 
but  the  changes  are  somewhat  greater  in  intensity  with  a  greater  degree  of 
necrosis  and  a  well  defined  leucocyte  reaction. 

Rabbit  30. — Exposed  thirty  minutes  to  a  concentration  of  1  :1.S.OOO.  Killed  four  and 
one-quarter  days  after  removal  from  the  gassing  chamber.  Within  five  minutes  after 
removal  from  the  box  the  animal  showed  the  first  signs  of  irritation,  rubbing  its  eyes  and 
nose  frequentl}-.  Six  hours  afterw^ards  there  was  a  well-developed  conjunctivitis.  By- 
twenty- four  hours  the  conjunctivitis  had  greatly  increased  with  marked  conjunctival 
edema,  and  the  animal  showed  a  marked  bilateral  coryza.  By  the  second  day  the  snuffles 
and  coryza  were  much  worse,  the  animal  showing  a  marked  respiratory  wheezing,  audi'ble 
several  feet  away.  The  conjunctivitis  had  become  distinctly  purulent  in  character,  with 
multiple  subconjunctival  pin-point  hemorrhages,  extreme  edema  and  beginning  corneal 
ulceration.  Throughout  the  day  the  snufHes  and  wheezing  greatly  increased,  the  animal 
appeared  sick,  restless,  with  respirations  greatly  increased  and  shallow,  these  symptoms 
reaching  their  height  in  the  evening  of  the  second  day.  From  the  morning  of  the  third 
day  the  respiratory  sj^mptoms  gradually  improved  until  the  animal  was  killed,  four  and 
one-quarter  days  after  gassing. 

Autopsy. — The  eyes  showed  a  verj-  severe  purulent  conjunctivitis  with  characteristic 
porcelain  appearance  of  the  cornea.  The  mucosa  of  upper  respiratory  tract  showed 
marked  congestion  and  edema  and  mucous  exudate  diminishing  in  intensitj^  from  the 
nostrils  to  the  nasopharynx.  In  the  anterior  two  centimeters  of  the  nasal  tract  the  exu- 
date w^as  purulent  in  character.  The  nasophar\-nx,  larynx  and  trachea  presented  marked 
congestion  of  the  mucosa,  and  the  lumen  of  the  trachea  w^as  filled  with  a  frothy  mucus 
extending  into  the  bronchi.  No  hemorrhages  or  ulcerations  were  seen  in  the  mucosa 
of  the  upper  respiratory  tract.  Pleural  cavities  and  pleurae  were  negative.  The  lung's 
were  uniformly  markedly  congested  and  apparently  air-containing  throughout.  No 
pneumonic  areas  or  hemorrhages  could  be  felt  or  seen.  The  heart  presented  a  marked 
right-sided  dilatation.  Beyond  a  marked  congestion,  other  organs  and  tissues  sliowed 
nothing. 

Microscopic  Findings. — Xosc.  Sections  from  the  anterior  nostrils  show  a  marked 
necrosis  and  ulceration  of  the  mucosa  with  a  marked  edema  and  congestion  of  the  sub- 
mucosa  and  a  polynuclear  infiltration.  Great  numbers  of  staphylococci  are  seen  on  the 
necrotic  mucosa.  Throughout  the  submucosa  are  numerous  minute  hemorrhages  'by 
diapedesis,  and  in  one  medium-sized  blood  vessel,  a  definite  thrombus.  The  mucous  glands 
of  the  nose  and  nasopharynx  present  intense  mucoid  change.  Sections  from  the  pharynx 
show  the  squamous  epithchum  to  be  intact  for  the  greater  part,  but  the  outer  half  is 
necrotic,  dry,  looking  like  stratum  corneum.  Larynx.  The  surface  epithelium  is  com- 
pletely necrotic  in  many  areas,  particularly  where  a  mucoid  exudate  lies  upon  the  surface. 
In  other  areas  it  is  preserved,  but  has  lost  its  columnar  appearance,  and  is  reduced  to  a 
layer  of  pj-knotic  nuclei  staining  almost  black  with  hematoxylin.  In  the  mucoid  exudate 
in  the  lumen  there  are  great  numbers  of  swollen  desquamated  mucoid  epithelial  cells  and 
very  few  leucocytes.  The  submucosa  is  edematous,  the  edema,  however,  being  very  ir- 
regularly   distrilnited.      The    blood    vessels    show    marked    congestion    and    the    nunilier    of 
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Ifiu-ocytcs  in  tlir  siil)imui>s:i  is  ixK  iiicrL-asrd.  'I'Ik-  hiryiincal  imicuiis  ^jlands  show  marked 
mucoid  deiiciicratinii.  M;iiiy  of  tlic  larger  hnmclii  arc  fdlcd  with  mucus.  The  columnar 
cells  show  marked  niucnid  deKeneration  and  pyknosis.  Practically  every  cell  is  converted 
into  a  goblet  cell.  There  is  no  increase  of  leucocytes  in  or  about  the  bronchi.  The  jiul- 
monary  vessels  show  extreme  congestion  iind  in  many  of  these  are  large  masse>  of  fdjrin, 
irregularly  scattered  through  the  red  blood  cells,  or  at  times  somewhat  laminated,  pre- 
senting the  appearance  of  recent  thrombosis.  Throughout  the  luiu/  atelectatic  areas  al- 
ternate with  emphysematous.  The  alveolar  spaces  of  the  a'electatic  areas  show  marked 
edema,  being  filled  with  a  pink-staining  finely  granular  i)recipitate.  The  bronchir.les  in 
these  atelectatic  areas  arc  distended  and  are  filled  either  with  a  similar  edematous  fluid  or 
a  more  mucous  fluid.  No  pneumonic  areas  are  found  an<l  no  large  hemorrhages.  Minute 
hemorrhages  by  diapedesis  are  found  along  the  wrdls  of  the  greatly  distenderl  capillaries. 
The  other  organs  show  nothing  but  intense  c<jngestion.     CSec  Figs.  4  and  5.) 

The  lesions  are  practically  the  same  as  in  Kabhit  33,  except  that  they  are 
more  severe  in  the  nose  and  mouth.  The  purulent  character  of  the  nasal 
lesions  is  probably  to  be  explained  by  the  development  of  a  secondary  infection 
due  to  a  staphylococcus. 

Rahhit  31. — Exposed  thirty-five  minutes  to  a  concentration  of  1:30,000.  On  removal 
from  the  gassing  box  the  animal  showed  some  irritation  of  the  eyes  and  nose.  Four 
hours  after  removal  the  animal  had  developed  a  well-marked  conjunctivitis  with  erythema 
of  the  exposed  skin  surfaces,  and  beginning  snuffles  with  scant  nasal  secretion.  Within 
twenty-four  hours  there  was  marked  increase  of  the  conjunctivitis  and  coryza.  The 
animal   was   killed   thirty   hours   after   gassing. 

Autopsy. — Eyes  showed  a  m.arked  conjunctivitis  with  imrulent  exudate.  Exposed 
skin  surfaces  showed  erythema  and  edema.  The  mucosa  of  entire  respiratory  tract  from 
nose  to  bronchi  showed  congestion,  slight  edema,  and  aliundant  mucous  exudate.  Pleural 
cavities  negative.  Pleurae  negative.  Lungs  presented  uniform  congestion  without  con- 
solidation, the  lung  tissue  being  apparently  air-containing  throughout.  Xo  hemorrhage 
or  atelectatic  or  pneumonic  areas  visible  to  the  naked  eye.  The  heart  showed  dilatation 
of  the  right  side.     In  other  organs  nothing  notable  but  congestion. 

Microscopic  Findings. — Nose.  Squamous  epithelium  of  the  anterior  nostrils  shows 
patches  of  complete  necrosis,  these  minute  erosions  or  ulcerations  being  covered  with  a 
fibrinopurulent  exudate.  The  remaining  epithelium  shows  more  or  less  pyknosis.  There 
is  very  little  edema  of  the  submucosa  and  no  small-celled  infiltration  or  hemorrhages. 
On  the  skin  side  of  the  nostrils  the  edema  is  more  marked  than  on  the  mucosal  side, 
and  there  is  marked  necrosis,  pyknosis  and  desquam-ation  of  the  epidermis.  Pharynx. 
Squamous  epithelium  of  mouth  and  pharynx  shows  patches  of  pyknosis,  contraction  of 
the  upper  third  with  pyknosis  of  the  nuclei  resembling  cornification,  congestion  of  the 
blood  vessels,  and  slight  edema  of  the  submucosa.  Larynx.  The  columnar  epithelium 
shows  marked  mucoid  or  liydropic  degeneration.  The  majority  of  the  cells  of  the  upper 
layer  are  either  vacuolated  or  are  goblet  cells.  The  nuclei  stain  very  heavily,  but  the 
epithelium  is  for  the  greater  part  intact,  without  desquamation.  In  the  lumen  there  is 
a  thin  albuminous  fluid  containing  very  few  desquamated  cells,  leucocytes,  no  fibrin,  and 
but  a  small  amount  of  mucin.  The  submucosa  shows  a  rather  marked  edema  with  the 
leucocytes  slightly  increased.  The  vessels  are  markedly  congested.  The  mucous  glands 
show  increased  mucus  formation.  Trachea.  The  epithelium  is  intact  throughout  the 
greater  portion,  but  shows  mucoid  and  hydropic  degeneration.  The  lumen  is  filled  with 
a  thin  mucoserous  fluid.  Well-marked  edema  of  the  submucosa  with  some  increase  in 
leucocytes.  Marked  congestion  of  the  vessels.  Bronchi.  The  lungs  present  practically 
the  same  appearance  as  in  the  previously  described  cases  but  with  less  edema  and  on  the 
whole  a  less  marked  congestion.  The  bronchi  contain  a  smaller  amount  of  fluid.  The 
epithelium  is  better  preserved,  although  showing  mucoid  change  and  vacuolar  change  in 
the  larger  ones.  There  is  very  little  atelectasis,  the  lungs  being  rather  emphysematous 
throughout.  There  is  no  pneumonia  and  no  hemorrhage.  The  other  organs  show  chronic 
congestion,  the  liver  a  chronic  coccidiosis  with  cirrhosis.   (See  Figs.  2  and  3.) 

In  this  rabbit  the  lesions  in  the  anterior  nares  are  severe,  the  degree  of 
necrosis  there  being  comparable  to  that  on  the  conjunctiva  and  cornea,  but  the 
laryngeal,  tracheal  and  bronchial  lesions  are  of  the  mildest  degree. 
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Fig.  S. — Rabbit  43.  Exposed  twelve  hours  to  a  concentration  of  1:50,000.  Died  fifty-four  hours 
after  exposure.  Section  of  tracheal  wall,  showing  pseudomembrane  in  lumen  and  complete  necrosis  of  the 
surface  epithelium. 


Fig.   9. — Section    of    large    bronchus    from    same    rabbit    as    preceding,    showing    diplitlieritic    necrosis    of    the 

mucosa.     Early  bronchopneumonia. 
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Fig.    10. — Rabbit   46.      Exposed   six   hours   to   a   concentration    of    1:50,000.      Died   sixty   hours   after   gassing. 
Section   of  large  bronchus,   showing  purulent   necrotic   bronchitis. 


Fig.   11. — Section    of   lung  from   same   case  as   preceding.      Area   of   purulent   bronchopneumonia   with   colony 

of   cocci   in   the  center  of  the    field. 
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RahhiT  46.— Gassed  si>^  lioiirs  at  a  concentration  of  1:50.0(10.  -Animal  died  sixty 
hours  after  removal  from  tlie  gassing  chaml.er.  During  the  gassing  tilie  animal  .showed 
irrit-ation  within  half  an  hour.  At  the  end  ol  an  liour  it  hecame  drowsy  and  was  quiet 
with  its  eyes  half  closed.  Within  tliree  liours  there  was  a  definite  lacrimation  and  conjunc- 
tival edema,  these  conditions  increasing  during  the  remainder  of  the  gassing.  When  taken 
from  the  hox  the  eyes  w^^-e  vcr\  nnuli  congested,  edematous  and  showed  profuse  lacrima- 
tion. By  the  next  day  the  ral)l)il  showed  marked  respiratory  involvement,  coughing  all 
the  time,  and  hu'hbling  rales  could  be  heard  throughout  its  chest.  These  conditions  in- 
creased during  the  next  two  days,  the  animal  dying  sixty  hours  after  removal  from  the 
gassing  chamber. 

Aiifopsv. — Both  eyes  presented  marked  corneal  opacity  with  mucupurulent  con- 
junctivitis. Pharyngeal  mucosa  very  markedly  congested  and  edematous  and  covered  with 
mucopurulent  exudate.  Buccal  mucosa  negative  in  appeairance.  Marked  edema  of  all 
laryngeal  structures  and  tracheal  mucosa,  the  tracheal  edema  being  most  marked  in  the 
upper  part,  just  beneath  the  larynx,  where  there  were  also  small  hemorrhages  in  the 
mucosa.  Pleural  cavities  and  pleurie  negative.  Pericardial  fluid  increased,  clear.  Heart 
dilated;  both  sides  filled  w-ith  partly  clotted  blood.  Both  lungs  were  voluminous  and  air- 
containing  without  any  airless  areas  except  a  small  atelectatic  area  in  the  border  of  the 
lowest  left  lobe.  On  section  the  lungs  showed  moderate  congestion  and  edema  without  any 
hemorrhages  or  pneumonic  or  atelectatic  areas  visible  to  the  naked  eye.  Other  organs 
showed   no   changes   except   congestion. 

Microscopic    Findings. — Nose.      Anterior    nares    show    a    shrinking    and    pyknosis    of 
the   epithelium,   the   outer   layers   being   desquamated   and   light    staining,   resembling   corni- 
fied  epithelium  with  pyknotic  nuclei.     In   many  areas  this   pykmosis   and  shrinking  extends 
to  the  lowest  layer  of  the  epithelium.     Through  the  lowest  layer  there  are  many  hydropic 
cells  and  occasionally  small   vesicles  are   formed.     The  ciliated  columnar  epithelium   shows 
a   more    marked    necrosis,    vacuoliza'tion    and    desquamation.      There    is    marked    edema    of 
the  submucosa  extending  to  the  cartilages  and  through  the  muscles.     The   mucous  glands 
show   extreme   mucoid   degeneration;    the    blood    vessels,    extreme    congestion.      There    are 
minute   hemorrhages  about  the   mucous   glands  and  the   number   of   wandering  cells   is   in- 
creased.     The   buccal   mucosa   and   the    tongue    show   necrosis    of   the   upper    half    to    two- 
thirds  of  the  squamous  epithelium,  with  partial  desquamation  of  these  dead  cells  in  lamellae. 
There  is  slight  edema  and  moderate  congestion  of  the  subepithelial  tissues.     The  mucosa 
of  the  pharynx  shows   the   same  changes   with   a  more  marked   edema   of   the   submucosa. 
Larynx.     In  the  lumen,  lying  upon  the  surface,  there  is  a  fibrinopurulent  mem'brane  which 
is   firmly  attached   in   areas   where   the   epithelium   is   completely   lost.      In   these   areas   the 
picture  is  that  of  a  diphtheritis.     Colonies  of  staphylococci   are  present  in  the  diphtheritic 
membranes  and  on  the  necrosed  epithelium.     Where  the  epithelium  is  preserved  it  shows 
marked    vacuolation    with    hydropic    and    mucoid    degeneration.      In    some    areas    the    epi- 
thelium is  still  attached   but  is   necrotic   and   infiltrated   with   polynuclears   and    eosinophile 
cells.      There    is    a   very    marked    subepithelial    edema,    extreme    congestion    of    the    blood 
vessels  and  areas  of  leucocyte  infiltration,  many  of  these  being  eosinophiles.     This  infiltra- 
tion is   most  marked   in   the  neighborhood   of   the  diphtheritic   areas.     The   cervical   lymph 
nodes   in   this   case   show    marked   eosinophilia  and   great   numbers   of   hemophages    in   the 
sinuses.     Trachea.     Mucosa  of  the  trachea  shows  marked  mucoid  and  hydropic  degenera- 
tion.    There  is  a  diphtheritic  necrosis,  but  the  process  is  less  marked  than  in  the  larynx. 
Ederiia   and   congestion   of   the   wall    are    about    the    same.     The    epithelium    of    the    larger 
bronchi  shows  miarked  degeneration   and   necrosis.      There   is   an   increase   in   leucocytes   in 
the  walls  of  the  larger  bronchi,  the  submucosa  is  edematous  and  the  vessels  are  markedly 
congested.     The  majority  of   the  smaller  brondhioles   contain   a   mucopurulent   exudate   and 
the   bronchial   wall   is  infiltrated   with   leucocytes.      Around   many   of   the   bronchioles   there 
are  definite  areas  of  a  hemorrhagic  purulent  bronchopneumonia.     Colonies  of  staphylococci 
are   found  in  each  of  these  areas.     Betw^een  these  areas  the  alveoli   are  overdistended   and 
emphysematous.      Other    alveoli    contain    a   heavy    albuminous    percipitate    of    edema.      The 
liver   presents   a    marked   nutmeg   liver,   central   necrosis   and    congestion   of    lolndes.      The 
kidneys  show  marked  cloudy  swelling  and  congestion.     (See  Figs.  10  and  11.) 

The  respiratot-y  lesions  in  this  animal  arc  more  prononnced  than  in  any 
of  the  preceding,  as  is  shown  hy  the  diphtheritic  necroses  in  the  larynx  and 
trachea,  the  purulent  hronchitis  and   bronchopneumonia.      The   cause   of   death 
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is  considered  to  l;r  ;m  !iifrcti\f   (  st;i|)liyl(  icocru^  )    ln-onciiopiH-umoni.'i,  ■secondary 
to  the  lesions  |»ro(liued  \>\    ihe  {^.'issinj^. 

IvMiiiiT  45.  'I'liis  ralil.it  uas  •ias>c(l  at  the  ^anic  lime  as  l<ai>l)it  46,  in  the  same  box 
foi  six  hours  at  a  coiuentrali-m  of  1  : 50, ()()().  Its  reaction  (hiring  the  gassing  and  after- 
wards appeared  t<»  I)e  identical  with  that  of  No.  46,  hut  the  animal  lived  for  seven  flays. 

../„/„/,.vv.— The  autoi)sy  findings  were  the  same  as  for  No.  46,  hut  the  changes  were 
tiion-  siviii-  ill  cliaractir.  The  anterior  narcs  showed  extensive  ulcers  covered  with 
di].litliiritic  nunil.ranr  and  the  nasal  cavity  was  filled  with  a  mucoid  fihrinopurulent 
membrane,  this  membrane  extending  throujsdi  the  nasopharynx  and  into  the  larynx  and 
trachea.  This  membrane  wus  in  part  firmly  adherent  to  the  wall,  particularly  along  the 
posterior  wall,  while  anteriorly  it  was  loose  and  separated  as  a  cast  of  the  tradieal  tube. 
Heart  showed  marked  dilatation  of  both  cavities.  Pleurie  and  pleural  cavities  negative. 
Lar.t(e  bronchi  tilled  with  purulent  exudate.  Lungs  voluminous,  markedly  congested  and 
•edematous,  with  tiie  jiicture  of  a  diffuse  bronchopneumonia. 

.\[icri>si-o('ic  I'indiiujs. — The  microscopic  examination  of  the  nnsc.  nasopharynx, 
hirviix  and  trachea  reveals  the  presence  of  a  diphtheritic  inflammation  vsith  a  membrane 
containing-  numerous  colonies  of  cocci.  This  membrane  is  firmly  attached  wherever  the 
epithelium  is  completely  lost,  but  is  loose  and  separates  from  the  surface  wherever  the 
epithelium  is  still  intact.  In  the  larynx  and  trachea  a  large  part  of  the  columnar  epi- 
thelium is  replaced  by  a  regenerating  layer  of  large  deeply  staining  pavement  or  cuboidal 
cells.  The  submucosa  shows  marked  congestion,  edema,  scattered  hemorrhages  and 
leucocyte  infiltration.  The  larger  bronchi  are  filled  with  a  fihrinopurulent  membrane  which 
is  adherent  to  the  wall  and  contains  many  large  colonies  of  cocci.  The  epithelium  is 
entirely  absent  except  in  a  few  places  where  there  is  a  regenerating  layer.  Lungs.  The 
lungs  present  the  picture  of  an  advanced  fihrinopurulent  bronchopneumonia  with  large 
areas  of  consolidation.  All  the  bronchioles  appear  as  abscesses.  In  some  of  these  there 
are  many  large  epithelial  giant  cells,  syncytial  in  type,  showing  an  attempt  at  regenera- 
tion, but  the  great  majority  show  complete  destruction  of  the  epithelium.  Syncytial 
epithelial  giant  cells  are  also  found  in  some  of  the  alveoli.  Colonies  of  cocci  are  found 
everywhere.  Many  of  the  pneumonic  areas  show  older  and  fresh  hemorrhages  and 
marked  iiiHammatory  edema.      (See  Figs.  12  to  20.) 

This  case  presents  a  more  marked  diphtheritic  inflammation  of  the  upper 
respiratory  tract  and  a  dififuse  purulent  bronchopneumonia  due  to  secondary 
infection  following  gassing. 

Rabbit  43. — Exposed  for  twelve  hours  to  a  concentration  of  1:50,000.  Died  fifty- 
four  hours  after  removal  from  the  gassing  chamber.  In  the  first  stages  of  the  gassing 
the  animal  showed  nasal  irritation,  but  later  became  drowsy  and  depressed,  and  sat  with 
€yelids  nearly  closed.  At  the  end  of  two  hours  increased  lacrimation  and  conjunctival 
edema  were  first  noted.  When  removed  from  the  gassing  chamber  there  was  a  well 
marked  conjunctivitis  with  coryza  and  salivation.  The  animal  would  not  eat  or  drink 
but  appeared  stupefied.  The  coryza  gradually  increased  in  intensity  and  within  six  hours 
after  removal  from  the  chamber  bubbling  respiratory  sounds  were  heard  over  its  thorax. 
Coryza  and  conjunctivitis  increased  during  the  first  twenty- four  hours,  at  which  time 
there  was  a  profuse  seropurulent  nasal  discharge.  The  wheezing  and  bubbling  respiratory 
sounds  could  be  heard  some  distance  from  the  cage.  Respirations  were  rapid  and  ap- 
parently difficult.  Thirty-six  hours  after  gassing  the  rabbit  was  still  much  depressed 
and  the  respiratory  sounds  were  louder.  The  animal  frequently  sneezed  and  coug-hed. 
There  was  a  marked  purulent  discharge  from  the  eyes  and  nose.  Forty-eight  hours  after 
removal  irom  the  gassing  chamber  the  animal  was  ven,-  weak,  the  respiratory  movements 
more  rapid  and  much  forced,  the  thorax  heaving.  Both  eyes  were  sealed  with  a  thick 
purulent  exudate,  .\fter  increasing-  respiratory  difficulty  the  animal  died,  fifty-four  hours 
from   the   time  of   exposure. 

Autopsy. — Marked  purulent  conjuctivitis  with  corneal  ulceration.  Erythema  of  the 
exposed  portions  of  the  skin.  Marked  edema  of  the  subcutaneous  tissue,  particularly  in 
the  region  of  head,  neck  and  thorax.  Nose  filled  with  purulent  exudate,  the  mucosa 
showing  deep  necroses.  Nasopharynx  filled  with  mucopurulent  fluid.  Larjnx  and  trachea 
filled  with  frothy  exudate  beneath  w^hich  there  was  a  membranous  cast,  partly  adherent 
but    decreasing    in    intensity    downwards.      The    mucosa    of    the    entire    upper    respiratory- 
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Fig.   12.— Rabbit  45.     Exposed  for  six  hours  to  a  concentration  of  1:50,000.     Died  seven  days  after  gassinj 

Eschar  from  upper  portion  of  larynx. 


^5ft;. 


Fig.   13. — Same    rabbit    as    preceding.      Section    of    larynx    showing    diiihllu-ritic    ulcer. 
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Fig.   14. — Same  'rabbit  as   preceding.      Section   of  tracheal   wall.      Diphtheritic   membrane.      Epithelium 
in   part  gone  and   in  part   showing  early   regeneration.      Congestion  and   edema   of   submucosa.      Small-celled 

infiltratidii. 
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Fig.    13. — Same   rabbit   as   preceding.     Wall   of   large   bronchus.      1  ii;  I.tl'.critic    membrane.      Complete   necrosis 

of   epithelium. 


Fig.  16. — Section  of  medium-sized  bronchus  from  same  rabbit  as  preceding.  Complete  necrosis  of 
bronchial  epithelium;  purulent  exudate  in  bronchus.  To  the  left  of  the  congested  vessel,  colonies  of 
staphylococci   in  the  alveoli. 


Fig.    17. — Section    of    lung   from    same    case    as    preceding.      Smaller    l)ranchus    filled    with    purulent    exudate. 
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Fig.    18. — Section   ut   lung   fmni   same  case  as  (ireceding.     Area  of  purulent  broncliuijneunionia   with   a  liilated 

bronchiole   showing  necrotic   epithelium. 


Fig.  19. — Section  of  linig  from  same  case  as  preceding.  Terminal  bronchiole  filled  with  pus  and 
containing  many  regenerating  epithelial  cells.  Large  syncytial  epithelial  cells  seen  also  in  the  neighbor- 
ing pneumonic  area. 
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tract  was  markedly  coii^ested  and  showed  marked  necrosis  of  tlie  surface  epithelium. 
The  lungs  showeil  marked  congestion  and  edema.  .\t  the  base  of  each  lung  there  was 
an  olive  green  area,  the  central  portion  of  which  was  lighter  in  color.  Bronchi  filled  with 
a  tiiick  mucopurulent  exudate.  Pleurae  were  negative.  Heart  showed  marked  dilatation 
of  the  right  ventricle.  All  other  organs  showed  marked  congestion.  Some  cloudy  swell- 
ing in  the  kidneys.     The  external  genitals   were  very   erythematous  and  edematous. 

Microscopic  I'ittdiiigs. — The  t'losc  is  filled  with  a  diphtheritic  fihrinopurulent  exudate 
and  the  epithelium  is  completely  necrosed,  except  for  very  small  areas  in  the  folds.  The 
membrane  is  fur  the  greater  part  adherent,  but  loosened  in  some  areas.  The  submucosa 
shows  marked  congestion,  leucocyte  infiltration,  and  edema,  extending  into  the  muscles 
and  cartilages.  The  mucosa  of  the  pharynx  shows  a  more  marked  necrosis  of  the  squamous 
epithelium  than  in  any  of  the  above  cases.  The  cells  of  the  lowest  layers  are  markedly 
pyknotic.  The  kiryn.v  and  the  trachea  show  a  diphtheritic  process,  the  surface  being  covered 
with  a  fihrinopurulent  membrane  which  is  firmly  attached  where  the  epithelium  is  entirely 
absent,  but  lying  loosely  on  the  surface  where  the  epithelium  is  still  intact  or  regenerating. 
In  the  membrane  there  are  colonies  of  cocci.  The  epithelium  of  the  larynx  and  trachea  is 
reduced  to  a  single  layer  of  pyknotic  nuclei  over  a  large  extent  of  surface.  The  submucosa 
shows  marked  fibroblastic  proliferation,  leucocyte  infiltration  and  edema,  with  minute 
hemorrhages.  The  mucous  glands  of  the  laryn.x  and  trachea  show  some  acini  and  ducts 
distended  with  mucus,  but  the  greater  number  of  the  acini  appear  small,  collapsed  and 
pyknotic.  The  inflammatory  infiltration  and  edema  extend  into  the  muscle.  The  mucosa 
of  the  upper  part  of  the  esophagus  shows  marked  pyknosis  and  necrosis  of  the  upper  layers 
of  the  epithelium.  The  larger  bronchi  show  a  nearly  complete  necrosis  of  the  epithelium 
and  a  fibrinous  membrane  adherent  to  the  surface  forming;  casts  of  the  'bronchial  tubes. 
There  is  marked  congestion  of  the  wall  and  leucocyte  infiltration  of  the  surrounding  tissues. 
The  smaller  bronchioles  are  filled  w-ith  mucous  and  albuminous  exudate  wath  increased  leuco- 
cytes. The  epithelium  is  intact,  but  shows  mucoid  degeneration  and  pyknosis  of  the  nuclei. 
A  very  few  bronchi  contain  a  mucopurulent  exudate.  The  lungs  show  extreme  congestion, 
numerous  hemorrhages  by  diapedesis,  a  few  small  areas  of  early  bronchopneumonia  and 
atelectatic  edematous  areas  beneath  the  pleura.  The  only  bacteria  found  are  those  in  the 
bronchioles  containing  the  mucopurulent  exudate.  Marked  congestion  of  all  other  -organs. 
Cloudy  swelling  of  the  liver  and  kidney  cells. 

This  case  differs  from  the  preceding  in  the  severe  diphtheritis  of  the  upper 
respiratory  tract  with  more  marked  evidences  of  heaUng  in  the  larynx  and  tra- 
chea. It  shows  a  severe  secondary  infective  process  of  the  larynx  and  trachea 
with  less  involvement  of  the  bronchi  and  lungs. 

Rabbit  44. — Gassed  for  twelve  hours  at  a  concentration  of  1 :50,000,  at  the  same  time 
with  Rabbit  43.  Reaction  during  the  gassing  identical.  Developed  a  corresponding  con- 
junctivitis and  coryza  w4th  similar  pulmonary  symptoms.  This  animal,  however,  survived 
until  92  hours  after  the  end  of  the  exposure. 

Autopsy. — Generalized  mustard  burn  of  the  skin,  especially  where  the  hair  was  thin, 
in  the  form  of  a  marked  erythema,  marked  subcutaneous  edema  and  dilatation  of  the  su- 
perficial vessels.  The  untreated  left  eye  showed  a  severe  purulent  conjunctivitis  wath  cor- 
neal opacity  and  superficial  ulceration.  The  right  eye  had  been  treated  with  dichloramine- 
T  and  showed  a  much  less  severe  conjunctivitis  and  injury  to  the  cornea.  The  upper  re- 
spiratory tract  was  filled  with  frothy  exudate.  The  mucosa,  particularly  of  the  trachea, 
showed  a  diphtheritic  necrosis  w'ith  membrane,  most  marked  at  the  larynx  and  just  below^ 
it,  but  extending  into  the  'bifurcation.  Bronchi  filled  with  frothy  exudate.  The  lungs 
were  voluminous,  with  marked  congestion  and  very  edematous  on  section.  Atelectatic 
areas  seemed  to  alternate  with  emphysematous.  At  the  anterior  border  of  the  lowest  lobe 
of  the  left  lung,  there  was  an  area  greenish  gray  in  color,  softened  and  apparently  necrotic. 
Right  ventricle  and  conus  markedly  dilated.  All  other  organs  -congested.  In  the  in- 
testine, small  necrotic  areas,  with  inflammatory  reaction  about  them,  were  found,  the  en- 
tire intestine  being  markedly  congested. 

Microscopic  Findings. — Nose.  Slough  of  the  skin  of  the  nose  adherent.  On  the  mu- 
cous membrane  side  an  ulcer  with  slough  adherent  in  some  areas.  Fibroblastic  proliferation 
w'ell  developed.  Mouth.  Tongue  shows  numerous  small  areas  of  ulceration  and  sloughs 
extending  down  to  the  muscle.  The  remaining"  portion  of  the  epithelium  is  intact  but  shows 
pyknosis   and   contraction  of  the  outer  half.     Pharyngeal  mucosa   shows   the   same  lesions. 
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XfiKoiis  k1;""1s  oI  nose  and  nasoiiliaryiix  sliow  \  i  ry  niarkt-fl  miiroid  <Ic->(cntTation.  In- 
tense congestion  of  llie  neiKlil>orin)^  vessels.  I'atelies  of  leucocyte  infiltration.  The  larynx 
shows  a  purnlcnt  infiltration  of  the  wall  extending  to  tlie  cartila'.;es.  .\  fihrinopiirulent  mem- 
brane is  adherent  to  tiic  surface  over  the  greater  portion  and  heneath  the  memhrane  there 
is  a  phlegmonous  infiltration  of  the  wall  of  the  larynx.  Small  i>atches  of  epithelium 
ui)on  the  surface  have  the  appearance  of  regenerating  e|Mthelium,  regeneration  taking 
place  apparently  from  the  ducts  of  tlie  mucous  glands.  .Vumerous  colonies  of  cocci 
are  found  in  the  pus.  Below  the  larynx  the  ei)ithelium  is  present  over  the  greater 
part  of  the  tracheal  mucosa,  winch  shows  mucoid  and  hydropic  degeneration.  There 
are  also  islands  of  regenerated  epithelium  with  some  fihrohlastic  jiroliferation  in  the  suh- 
mucosa.  The  tracheal  wall  shows  congestion,  edema,  small-celled  infiltration  and  fihrohlastic 
proliferation.  The  larger  bronchi  are  filled  with  pus.  Small  diphtheritic  areas  are  found 
on  the  mucosa,  where  the  epithelium  is  entirely  gone  and  the  fiiirinopurulent  exudate  is  ad- 
herent. Walls  of  the  I)ronchi  are  edematous,  infiltrated  with  leucocytes,  and  the  blood  ves- 
sels arc  congested.  .\ny  epithelium  remaining  shows  mucoid  and  hydropic  degeneration. 
The  lungs  show  extreme  congestion  and  numerous  small  hemorrhages.  The  alveoli  for  the 
greater  part  are  overdistended,  emphysematous,  although  there  are  many  small  atelectatic 
areas  in  the  neighborhood  of  plugged  bronchi.  The  atelectatic  areas  show  a  marked  edema. 
Practically  all  the  bronchi  and  bronchioles  are  filled  with  a  purulent  exudate  and  around 
many  there  are  areas  of  purulent  bronchopneumonia.  Colonies  of  cocci  are  found  in  the 
pus  in  the  bronchi.  Other  organs  show  intense  congestion.  No  other  organs  show  changes, 
with  the  exception  of  stomach  and  intestine,  in  which  small  sloughs  are  found,  probably 
the  result  of  local  action  of  mustard  gas  swallowed  in  food  or  saliva. 

This  rabbit  shows  a  severe  purulent  and  diphtheritic  inflammation  of  the 
upper  respiratory  tract  and  a  purulent  bronchopneumonia,  due  to  a  staphylo- 
coccus, secondar\-  to  the  more  severe  lesions  caused  by  the  gassing'. 

SUMMARY    OF    EXPERIMENTAL    WORK 

From  repeated  and  carefully  controlled  animal  experiments  we  have  ar- 
rived at  the  following  conclusions  in  regard  to  the  production  and  nature  of  the 
respiratory  lesions  due  to  mustard  gassing. 

1.  The  res])iratorv  lesions  are  proportionate  to  the  concentration  of  mustard 
gas  employed  and  to  the  length  of  exposure. 

2.  The  mildest  lesions  are  those  produced  by  short  exposures,  such  as  ten 
to  fifteen  minutes,  to  dilutions  of  1:110,000  or  over;  or  very  short  exposures, 
one  to  several  minutes,  to  higher  concentrations. 

3.  Exposure  to  mustard  gas  causes  almost  immediate  signs  of  nasal  irrita- 
tion on  the  part  of  the  animal.  It  will  almost  immediately  rub  its  nose  and  turn 
its  back  to  the  inflowing  gas.  Conjunctival  symptoms,  in  the  form  of  photo- 
phobia and  increased  lacrimation  usually  appear  within  two  to  three  hours,  the 
respiratory  symptoms  developing  two  to  three  hours  later,  as  a  rule,  in  the 
form  of  snuffles,  increased  nasal  secretion  or  a  more  or  less  severe  cor}-za.  In 
the  case  of  short  exposure,  or  low  concentration  of  the  gas,  the  respiratory 
symptoms  do  not  progress  beyond  a  catarrhal  stage. 

4.  In  prolonged  exposures,  or  exposures  to  higher  concentrations,  the  re- 
spiratory symptoms  appear  at  relatively  the  same  time,  but  usually  later  than  the 
conjunctivitis.  They  then  increase  in  intensity  for  several  days  until  a  picture 
of  diffuse  diphtheritic  inflammation  of  the  respiratory  tract  is  produced,  as 
manifested  by  increasing  difticulty  in  respiration,  exudation,  rales  and  coughing. 
The  animal  may  die  within  forty-eight  hours,  or  later. 

5.  The  ]>athologic  lesions  in  the  mildest   cases  consist  of  a  superficial  de- 
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generation  or  necrosis  of  the  epithelium  of  the  mucous  membrane,  with  con- 
gestion and  edema  and  increased  mucus  secretion.  These  milder  lesions  are 
found  chiefly  in  the  anterior  narcs,  the  pharynx,  larynx  and  upper  portion  of 
trachea;  but  animals  killed  after  such  exposures  invariably  show  a  more  or  less 
marked  pulmonar\-  congestion  and  edema,  and  increased  bronchial  secretion. 
From  lesions  of  this  degree,  recovery,  without  secondary  infection,  usually  takes 
place. 

6.  The  severer  lesions  consist  of  deeper  necrosis  of  the  mucosa  of  the 
tract  and  the  formation  of  a  diphtheritic  membrane  in  the  anterior  nares,  naso- 
pharynx, laryn.x,  trachea  and  larger  bronchi.  The  most  severe  lesions  are  always 
in  the  nares,  pharynx,  larynx  and  upper  part  of  the  trachea,  the  intensity  de- 
creasing toward  the  bronchi.  The  respiratory  columnar  epithelium  suffers 
more  than  the  epithelium  of  the  mouth  cavity,  although  irregular  areas  of  com- 
plete necrosis  of   the   latter  may  be  produced.     The   entire   epithelium  of   the 

.  larynx,  trachea  and  larger  bronchi  may  be  killed  outright  and  the  surface  cov- 
ered with  a  diphtheritic  membrane,  which,  for  the  greater  part,  is  easily  detached, 
forming  a  cast  of  the  larynx,  trachea  and  larger  bronchi.  The  laryngeal  and 
tracheal  walls  show  edema,  congestion  and  small-celled  infiltration,  but  the 
edema  is  always  less  marked  than  in  the  case  of  the  subcutaneous  tissues  or  the 
conjunctivae. 

7.  In  the  severe  cases,  secondary  infection  with  staphylococci  almost  in- 
variably occurs,  and  the  lesions  in  the  larynx,  trachea  and  bronchi  usually  take 
on  a  purulent  character  within  four  to  six  days,  if  the  animal  lives  that  long. 

8.  In  the  mildest  cases  the  lungs  show  congestion  and  edema  with  hydropic 
and  mucoid  degeneration  of  the  epithelium  of  the  bronchioles.  In  the  more 
severe  cases  the  necrosis  of  the  epithelium  extends  into  the  smaller  bronchial 
divisions  and  bronchioles  and  a  secondary  purulent  bronchopneumonia,  appar- 
ently usually  due  to  staphylococci,  follows.  In  these  severer  pulmonary  lesions, 
atelectatic  areas,  due  to  the  plugging  of  the  bronchioles  with  exudate,  usually 
alternate  with  emph}'sematous  areas.  The  atelectatic  areas  are  usually  edema- 
tous or  hemorrhagic.  Secondary  hemorrhage  into  the  purulent  bronchopneu- 
monic  areas  is  also  frequent,  in  some  cases  the  condition  assuming  the  picture  of 
a  hemorrhagic  bronchopneumpnia.  In  the  pneumonic  areas  following  gassing, 
colonies  of  staphylococci  are  always  present. 

9.  In  the  severe  cases  death  may  occur  more  quickly  as  the  result  of  a 
diphtheritic  or  purulent  laryngitis  without  the  development  of  pneumonia,  but 
in  the  majority  of  cases,  the  cause  of  death,  so  far  as  the  respiratory  tract  is 
concerned,  is  the  development  of  an  infective  purulent  bronchopneumonia  sec- 
ondary to  the  injury  produced  by  the  gassing. 

10.  Cases  with  localized  diphtheritic  necroses  in  nose,  mouth,  larynx  and 
trachea,  without  extensive  bronchopneumonia,  mav  recover  with  healing  and 
cicatrization  of  these  areas.  Fibroblastic  proliferation  in  such  areas  was  noted 
as  early  as  the  fourth  day  after  gassing.  Cicatricial  contractions  of  trachea 
or  larvnx  mav  result  from  such  healed  lesions. 
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The  clinical  features  of  mustard  gas  lesions  of  the  respiratory  tract  in 
man  were  studied  in  the  cases  of  seven  soldiers  who  were  severely  gassed  in 
(he  manufacture  of  mustard  gas.  although  wearing  gas  masks.  The  concen- 
tration of  the  gas  to  which  these  men  were  exposed  was  so  strong  that  all  re- 
ceived severe  burns,  two  of  the  cases  terminating  fatally.  In  addition  to  these 
severe  cases,  data  were  secured  from  63  other  workers  with  mustard  gas  who  had 
had  at  one  time  or  another  milder  respiratory  symptoms  following  accidental 
exposure  to  mustard  gas  vapor. 

Cask  I. — Private  Ha.  Exposed  one  hour  in  several  shifts.  Within  a  few 
hours  after  the  exposure  he  developed  erythema  of  the  skin,  nausea  and  vomit- 
ing and  complained  of  intense  thirst.  This  patient  developed  no  conjunctivitis, 
his  eves  being  sufficiently  protected  by  the  gas  mask.  Later,  burns  about  the 
lips  appeared  and  within  the  next  few  days,  diphtheritic  necroses  developed 
over  the  dorsum  of  tongue,  uvula,  hard  and  soft  palate,  pillars  of  fauces,  ton- 
sils and  pharynx.  On  the  seventh  day  after  the  accident,  large  moist  rales  were 
present  over  both  lungs,  and  he  was  thought  to  have  a  diffuse  bronchopneumonia. 
The  patient  died  eight  days  after  gassing.  The  autopsy  report  of  his  respira- 
tory tract  changes  will  be  found  below. 

Case  II. — Private  S.  Exposed  three-quarters  of  an  hour,  in  several  shifts, 
to  the  same  concentration  as  the  preceding.  During  the  next  few  hours,  in 
addition  to  the  development  of  conjunctivitis,  nausea  and  vomiting  and  ery- 
thema of  the  skin,  he  complained  of  intense  thirst,  and  later  showed  patches  of 
diphtheritic  necrosis  on  the  lips,  angles  of  mouth,  hard  and  soft  palate,  uvula, 
pillars,  tonsils,  buccal  surfaces,  dorsum  of  tongue  and  gums.  All  of  the  mucous 
membrane  of  the  mouth  showed  erythema  and  desquamation  of  the  epithelium. 
When  seen  on  the  eighth  day  he  could  barely  whisper  and  had  physical  signs 
of  a  diffuse  bronchopneumonia.  He  died  four  weeks  after  the  accident.  Au- 
topsy not  permitted. 

Case  III. — Private  Mc.  Exposed  forty  minutes  in  four  shifts.  Within 
a  few  hours  after  the  exposure,  coincidently  with  the  nausea  and  vomiting  and 
erythema  of  the  skin,  he  complained  of  a  very  dry  throat.  For  three  days  he 
had  a  hacking  cough  and  complete  aphonia.  The  roof  of  his  mouth  was  very 
painful  and  on  the  third  day  one  of  the  sore  places  in  his  throat  "seemed  to 
burst"  and  he  coughed  up  membrane-like  material,  after  which  his  symptoms 
were  improved,  but  his  voice  remained  husky  and  a  bronchial  cough  persisted 
for  some  time.  When  examined  eight  days  after  the  accident  he  had  a  catarrhal 
rhinitis  and  patches  of  diphtheritic  necrosis  over  the  mucous  membrane  of  the 
mouth,  particularly  on  the  right  pillar  and  in  the  posterior  pharyngeal  wall. 
Occasional  loud  moist  rales  were  heard  over  his  thorax.     Respirations  increased. 

Case  IV. — Private  W.  Exposed  one-half  to  three-quarters  of  an  hour 
in  two  or  three  shifts.  In  the  first  few  hours  after  the  exposure  he  developed 
mouth  and  throat  symptoms  in  the  form  of  a  dry  sore  throat  and  could  barely 
whisper.  When  examined  eight  days  after  the  accident  he  showed  diphtheritic 
necrosis  of  the  mucous  n^embrane  of  the  lips,  angles  of  the  mouth,  hard  and 
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soft  imlatc,  inula,  anterior  and  posterior  ])illars,  tonsils  and  ])Osterior  ])liaryn- 
geal  wall.  The  roof  of  the  mouth  was  covered  with  a  t^rayish  jrrecn  diphtheritic 
membrane  throui,di  which  numerous  discrete  yellowish  white  elevations  api)eared, 
suggesting  small  pustules  on  erytheniiatous  bases.  On  the  eighth  day  he  devel- 
oped symptoms  of  a  diffuse  bronchopneumonia  from  which  he  later  recovered, 
after,  in  the  meantime,  ha\ing  ex])ectorated  a  fibrinous  bronchial  cast,  containing 
streptococci. 

Case  V. — Private  M.  Exposed  one-half  hour  in  one  shift.  Had  severe 
thirst  but  no  soreness  of  mouth  or  throat.  He  develojU'd  a  temporary  erythema 
of  the  mucosa  of  the  hard  i)alate  with  a  small  ]iatch  of  diphtheritic  necrosis. 
Voice  husky,  frequent  cough  and  respiratory  rate  increased. 

Cask  VI. — Private  E.  Exposed  ten  minutes  in  one  exposure.  On  the  next 
day  complained  of  a  very  dry  throat.  He  showed  only  a  temporary  erythema 
of  the  mucous  n-vembrane  over  the  hard  palate.  When  seen  eight  days  later  his 
voice  was  husky,  and  he  had  an  occasional  dry  cough. 

Case  VH. — Private  Hu.  Exposed  ten  to  twelve  minutes  in  one  shift.  He 
developed  a  severe  rhinitis  and  a  sore  throat,  but  showed  only  an  erythema  of 
the  mucous  membrane  of  the  mouth.  When  seen  eight  days  after  the  accident, 
his  voice  was  still  husky,  and  he  had  a  laryngeal  cough. 

A  large  number  of  other  cases  of  mild  respiratory  lesions  w^ere  also  seen. 
All  of  these  were  in  cases  with  conjunctivitis.  These  patients  complained  usu- 
ally of  a  dry  or  sore  throat,  huskiness  of  voice  w^ith  or  without  an  accompany- 
ing rhinitis.  A  dry  laryngeal  cough  usually  persisted  for  several  days,  a  definite 
huskiness  for  a  longer  period.  In  two  cases,  short  exposures  to  weak  concen- 
trations produced  in  susceptible  individuals  a  fibrinopurulent  rhinitis  lasting 
several  davs.  In  the  severe  cases  of  mouth  burns  the  most  marked  lesions  were 
always  on  the  hard  and  soft  palate  and  the  dorsum  of  the  tongue.  The  mildest 
cases  showed  erythema  of  the  same  areas. 

Respiratory  Lesions  as  Seen  at  Autopsy 

Case  I,  Private  Ha. — 

Nose. — Examination  of  anterior  nares  negative.     No  skin  burns  on  nose. 

Lips. — No  burns  of  mucosa  of  lips. 

Mouth  and  Neck  Organs. — 'Tip  of  the  tongue  is  negative.  On  the  dorsum 
there  are  patches  of  grayish  and  grayish  white  coating  beneath  which  the  mu- 
cous membrane  is  desquamated.  When  the  coating  is  removed  there  is  a 
denuded  reddened  surface.  These  lesions  increase  in  severity  toward  the  root 
of  the  organ  where  they  become  diphtheritic  in  character  and  are  covered  with 
a  greenish  gray  membrane.  The  tonsils  and  palatal  arch  show  areas  of  diph- 
theritic necrosis  covered  with  a  grayish  membrane.  Mucosa  of  the  palate  is 
markedly  edematous  and  presents  elevated,  reddened  and  grayish  areas.  The 
tonsils  are  about  normal  in  size,  with  deep  crypts.  The  right  is  negative  on 
section.  The  left  tonsil  shows  membranous  patches  and,  on  section,  crypts 
containing  fibrinous  exudate.  Mucosa  of  pharynx  is  covered  with  a  thick,  gray- 
ish, tenacious  membrane,  which,  when  ])ulled  off,  leaves  a  denuded,  reddened 
surface.  •  The  ej)iglottis  is  covered  with  a  thick,  grayish  mucus  and  the     glottis 
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is  lillfd  wiili  a  ^iiiiilai-  iiiiictis.  I'ciicaili  iliis  ilic  iiiucos.'i  is  congested  and  -^liows 
small  patrhc^  of  sii| icrticial  iiciT()>i>,  but  tlicsc  Ic^ion^  arc  less  marked  llian  in 
the  |iliar\ii\.  r.cl<i\\  the  ^hillis,  the  mucosa  of  the  traeliea  is  covered  with  a 
\])\ck  grayish  imicu>,  hciicath  which  ihc  mucosa  shows  a  congestion  diminish- 
int^-  in  intensity  from  aho\c  downward.  There  is  no  membrane  in  the  trachea 
hut  in  its  lowci"  ]ioiiion  and  at  the  bifurcation  there  is  a  tliick,  grayish  mucus 
in  ihc  lumen.  The  |io>iciior  wall  of  tlie  trachea  shows  marked  hyj)ostasis  but 
there  is  no  \isible  necrosis  of  its  nuicosa.  Tlie  eso|ihagus  shows  congestion  of 
its  nuico>a  with  su|ierlicial  des(|uamation  at  the  mouth  but  no  changes  below 
this. 

/^;n;//,v.--TlK're  is  no  lluid  in  either  pleural  ca\ity.  The  lungs  meet  in  the 
midline  aboxe  the  heart.  I'oth  lungs  are  free  throughout.  Pleural  surfaces 
negative. 

Left  LiiiKj. — There  are  delicate  old  adhesions  between  the  upper  and  lower 
lobes.  On  the  anterior  surface  of  the  lower  lobe  there  is  a  small  pigmented 
nodule  beneath  the  pleura,  a  healed  tubercle.  There  is  no  thickening  or  pucker- 
ing of  the  ]ileura  over  the  apex.  Beneath  the  pleural  surface  there  are  numer- 
ous minute  ])etechial  hemorrhages  which  are  larger  and  most  abundant  poste- 
riorh-.  The  lung  is  air-containing  throughout.  The  upi)er  lobe  is  voluminous 
and  ])ink  in  color ;  the  lower  lobe  shows  marked  hypostasis  posteriorly.  On  sec- 
tion, the  cut  surface  shows  marked  congestion  and  edema.  I'V)amy  fluid,  thicker 
than  the  ordinary  stasis  edema,  exudes  abundantl}-  from  the  cut  surface.  The 
lower  lobe  presents  a  marked  hypostatic  congestion.  The  small  hemorrhages 
appear  soft  and  fresh  and  the  blood  shows  no  discoloration.  Small  fresh  agonal 
lardaceous  clots  are  found  in  the  larger  pulmonary  vessels,  but  no  thrombi  or 
emboli  are  visible  to  the  naked  eye.  No  pneumonic  areas,  no  abscesses,  no  hem- 
orrhagic infarctions  and  no  airless  areas  are  found.  Anthracosis  is  moderate. 
The  main  bronchi  are  filled  with  a  thick,  frothy  lluid  which  is  rather  viscous 
and  is  grayish  white  in  color,  but  in  the  smaller  branches  becomes  distinctly 
yellowish  and  thicker.  Beneath  this  the  mucosa  of  the  bronchi  is  markedly 
congested. 

Ri(/hf  Luih). — The  right  lung  is  very  much  heavier  than  the  left  and  much 
deeper  in  color.  There  are  delicate  old  adhesions  between  upper  and  middle, 
and  middle  and  lower  lobes.  The  lower  lobe  posteriorly  is  almost  black  in 
color,  the  middle  lobe  deep  red,  while  the  upper  lobe  is  more  ]nnkish.  The  sub- 
pleural  hemorrhages  arc  more  marked  in  this  lung  than  on  the  left  side.  The 
antericir  margins  of  the  lobes  show  emjihysema.  'I'he  greater  part  of  the  lower 
lobe  shows  a  i)artial  atelectasis  and  posteriorly  a  firm  airless  area  almost  black 
in  color,  about  the  size  of  a  hen's  egg.  (^n  section,  there  is  extreme  congestion 
and  edema  with  areas  of  atelectasis  throughout  the  lower  lobe.  Throughout 
the  entire  lung  there  are  numerous  tirm,  elevated,  airless  areas  of  small  size, 
that  are  not  wedge-shaped.  The  large  airless  area  in  the  lower  lobe  is  wedge- 
shaped  with  its  base  toward  the  surface,  deep  red,  almost  black  in  color  and 
shows  in  its  center  a  softer,  lighter  area,  apparently  around  the  blood  vessel. 
No  thrombi  or  emboli  can  be  seen  with  the  naked  eye.  The  bronchi  show  the 
same  fluid  contents  and  changes  in  the  mucosa  as  on  the  left. 
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Broichial  Xodcs. — 'I'lic  hroiuliial  nodes  on  ])oth  sides  are  rather  small,, 
soft,  edematous  and  l)Ut   sli^litl}'   piLinienled. 

Microscopic  findiiuis 

Mouth. — Sections  from  tiie  dorsum  of  the  toui^ue  show  patches  of  diph- 
theritic necrosis  and  small  ulcers  from  which  the  membrane  has  been  loosened. 
The  submucosa  shows  intense  conj^estion,  small-celled  inbltration,  some  fibro- 
blastic ])roliferation  and  numerous  capillar\-  thromboses.  Some  of  the  dilated 
vessels,  either  capillaries  or  lymphatics,  are  tilled  with  coarse  threads  of  fibrin 
without  red  l)lood  cells  and  with  only  an  occasional  leucocyte.  The  mucous 
glands  show  intense  mucoid  dci^eneration  with  small-celled  infiltration  and  many 
of  the  ducts  are  dilated  and  filled  with  mucus.  Regeneration  of  the  epithelium 
from  the  deepest  portions  of  the  folds  and  mouths  of  the  mucous  glands  has 
begun.     (See  Fig.  20. ) 

riiaryiix. — Sections  of  the  ])haryngeal  wall  show  intact  epithelium  cov- 
ered with  a  thick  mucus.  The  submucosa  shows  marked  congestion,  edema, 
and  polynuclear  infiltration  with  small  areas  of  hemorrhage.  There  are  numer- 
ous dilated  capillaries  or  lymphatics  filled  with  coarse  threads  of  fibrin  with- 
out red  blood  cells  or  leucocytes.  The  mucous  glands  show  marked  mucoid 
degeneration.  The  tonsils  show  marked  congestion  and  edema.  The  greater 
part  of  the  epithelium  is  intact,  but  there  are  localized  patches  of  diphtheritic 
necrosis.     There  is  an  increase  of  the  stroma  and  many  sclerotic  vessels. 

Larynx. — Sections  from  larynx  show  a  desquamative  catarrhal  laryngitis 
with  small  areas  of  diphtheritis  (see  Fig.  21  ).  The  epithelium  is  for  the  greater 
part  necrotic,  cither  entirely  gone  or  represented  by  a  single  layer  of  nuclei.  On 
the  surface  there  is  a  thick  mucofibrinous  exudate  forming  a  cast  of  the  entire 
lumen  and  for  the  greater  part  separated  from  the  necrotic  surface.  The  sub- 
mucosa shows  congestion,  edema  and  slight  leucocyte  infiltration. 

Trachea. — The  trachea  presents  the  same  condition  as  the  larynx,  a 
desquamative  necrotic  tracheitis  with  the  formation  of  a  thin  mucofibrinous 
membrane  over  the  surface. 

Bronchi. — The  larger  bronchi  are  filled  with  a  thick  mucous  exudate  con- 
taining many  desquamated  cells,  some  polynuclear  leucocytes  and  -a  few  red 
blood  cells,  with  little  or  no  fibrin.  The  epithelium  of  the  mucosa  is  in  part 
intact,  showing  hydropic  or  mucoid  degeneration,  and  in  part  desquamated. 
The  bronchial  walls  show  intense  engorgement  of  the  vessels,  well  marked 
edema  and  a  moderate  small-celled  infiltration.  The  mucous  glands  show 
marked  mucoid  degeneration.  The  picture  is  that  of  a  catarrhal  desquamative 
bronchitis.     (SeeFig.  22. ) 

Lungs. — The  lungs  show  extreme  congestion  and  edema  with  numerous 
minute  hemorrhages  by  diapedesis.  Areas  of  em])hysema  and  atelectasis  alter- 
nate throughout  the  lung.  The  atelectatic  areas  show  the  most  marked  edema 
and  are  usually  the  areas  in  which  hemorrhages  are  found.  No  pneumonic 
areas  are  found.  The  airless  area  in  the  lower  right  lobe  is  a  recent  hemor- 
rhagic infarct,  the  central  lighter  portion  being  an  artery  obturated  by  a  recent 
mixed  thrombus.     Other  smaller  recent  hemorrhagic  infarcts  are  found  beneath 
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20. —  Case    I,    Private    lla.      Mustard   gas   lesion    of   dorsum   of   tongue.      I'ase    of   ulcer    from    wliicli    the 
diphtheritic  membrane  has  become  detached. 
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Fig.  22. — Case  I,  Private  Ha.  Section  of  main  division  of  bronchus.  Picture  of  catarrhal  bronchitis. 
Marked  mucoid  degeneration  and  vacuolation  of  the  bronchial  epithelium.  Congestion,  small-celled  infiltra- 
tion, and  edema  of  the  bronchial  wall. 
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Fii-.   23. — Case  I,   I'rivatr   Il;i.     Scitimi   from 


lob 


if  lung.      Congestion  and  edema.      Acute  emphysema. 
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Fig.   24. — -Case   I,   Private   Ha.      Section   of   lower   lobe   of   lung.      More   intense  congestion.      Minute    hemor- 
rhages   by    diapedesis.      Areas    of    partial    atelectasis,    alternating    with    emphysematous    areas. 


Fig.   25. — Ca.se    II.    Private    S.      Mustard    g.,;    I..;-.  ;,.-    ...    ..j-.    cigat    days   alter    exposure. 
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the  pleura  of  the  right  hing,  with  recent  thrombi  in  the  vessels  leading  to  these 
areas.  All  the  smaller  bronchi  and  bronchioles  are  dilated  and  filled  with  a  sero- 
mucoid  fluid  containing  desquamated  cells  with  some  fibrin  and  occasional  red 
cells.  The  epithelium  of  the  smaller  bronchi  is  intact  for  the  greater  i>art,  but 
shows  marked  mucoid  or  hydropic  degeneration.  In  many  bronchioles  desqua- 
mation of  the  ei)ithelium  has  taken  place.  In  no  bronchi  or  bronchioles  is 
there  any  purulent  exudate.  There  are  no  old  thrombi  or  emboli,  and  fat  stains 
of  frozen  sections  show  no  fat  emboli.  Smears  of  the  bronchial  exudate  and 
from  the  cut  surface  of  the  Ivmg  show  only  occasional  diplococci.  (See  Figs. 
23  and  24. ) 

This  case  presents  a  marked  degree  of  mustard  gas  degeneration  and 
necrosis  of  the  epithelium  of  the  mouth  cavity,  larynx  and  trachea,  decreasing 
in  intensity  to  the  larger  bronchi  and  bronchial  subdivisions,  without  infection 
or  pneumonia.  Death,  in  this  case,  probably  resulted  from  shock  and  toxemia 
from  the  extensive  areas  of  necrosed  skin  and  secondary  infection. 

Siiiiiinary  of  Clinical  Obscn'atio)is 

From  tlie  clinical  cases  coming  under  observation,  mustard  gas  lesions  of 
the  respirator}-  tract  in  man  are  of  the  same  nature  as  those  produced  experi- 
mentally in  animals.  In  the  milder  cases  there  is  an  injury  to  the  epithelium 
of  the  mucosa  of  the  upper  respiratory  tract,  particular!}-  of  the  anterior  nares. 
hard  and  soft  palate,  dorsum  of  tongue,  pharynx,  larynx  and  upper  part  of 
trachea.  Rhinitis  and  laryngeal  huskiness  and  cough  with  sore  throat  and 
thirst  arc  the  most  common  symptoms  in  individuals  exposed  to  light  and  mod- 
erate concentrations.  From  these  conditions  recovery  is  usually  prompt,  but 
laryngeal  huskiness  and  irritation  may  continue  for  some  days  or  even  weeks. 
No  instances  of  secondary  infection  were  observed  in  such  cases. 

In  the  more  severe  human  cases,  there  is  a  greater  degree  of  degeneration 
and  necrosis  of  the  epithelium  of  the  respiratory  tract,  extending  into  the  bron- 
chi, but  diminishing  from  the  upper  part  of  the  trachea  down,  the  most  severe 
lesions  being  eschars  on  the  palate,  dorsum  of  tongue,  pharynx  and  lar}nx. 
Associated  with  these,  there  is  a  widespread  catarrhal  tracheitis  and  bronchitis, 
with  congestion  and  edema  of  the  lungs.  The  one  case  autopsied  showed  no 
pneumonia.  Under  the  conditions  of  warfare  more  severe  exposures  to  mus- 
tard gas  may  produce  diphtheritic  lesions  of  larynx,  trachea,  and  bronchi  ter- 
minating in  bronchopneumonia. 


II.  GASTROINTESTINAL  LESIONS  PRODUCED  BY 
MUSTARD  GAS 

Practically  no  descriptions  of  gastrointestinal  lesions  produced  by  nmslard 
gas  exist  in  the  literature.  Giraud  considered  lesions  of  the  digestive  tract  to 
be  rare  but  thought  that  they  might  be  caused  by  ingestion  of  food  contaminated 
by  the  gas.  In  the  clinical  descriptions  given  in  some  of  the  army  medical 
reports,  as   in  the  ])aper  of   Mandel  and   Gibson    {Journal  American  Medical 
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.Issociutioii,  1''17,  Ixix,  \'>7()  \'>7\ ) ,  v])\^;i>[v\c  distress,  nau!-ca  and  vomitiiijj 
are  fre(|uent  syni|)tiiiiis  and  a|i|)ear  in  four  to  sixteen  hours  after  {ijassinj^  with 
mustard  jj^as.  /'Issurclld  {  (iionialc  di  Medicina  MUitarc,  1918,  Ixvii,  128-134) 
states  that  nausea  and  ^-ahxatinn  are  eonunon  --yni]itoni^  in  h^ht  ca^c-  and  that 
v()nlitin}^^  ahdoniinal  |>ain  and  (hanliea  (»ccur  in  the  severe  ones.  These  symp- 
toms he  considers  rellex  to  the  coughinj^.  Canclli  ( Rh'ista  Ospedaliera,  1918, 
viii,  2-6)  ^'wes  the  first  pubhshed  re])ort  of  an  auto])sy  on  a  case  of  mustard  gas 
]M)is()nin,i,''  in  which  j^aslroinlestinal  lesions  are  descrihed.  He  found  the  stomach 
distended  with  gas,  the  mucosa  cloudy,  glassy,  congested  in  stride,  with  numerous 
minute  ulcerations  along  the  major  axis.  Corresponding  to  the  second  flexure 
of  colon,  there  was  a  small,  limited  zone  of  subserous  emphysema.  The  wall 
of  the  colon  \\;is  thick,  much  congested  and  tlic  mucosa  was  e\er\\vhere  necrotic 
and  covered  with  a  sanious,  purulent  exudate.  Corresj)onding  to  the  second 
flexure  of  the  sigmoid  the  necrosis  extended  into  the  submucosa  and  to  the 
lowest  strata  of  the  wall.  The  duodenum  showed  a  clfjudy  and  congested  mu- 
cosa, irregularly  dotted  with  minute  ulcers  on  a  background  similar  to  that 
of  the  stomach.  The  jejunum  and  ileum  w-ere  nearly  empty,  anemic,  semitrans- 
parent,  with  epithelium  nearly  uniformly  desquamated.  The  esophagus  and 
rectum  showed  no  changes.  In  his  macroscopic  pathologic  diagnosis,  Canelli 
designates  these  conditions  "acute  gastroduodenitis  with  hemorrhagic  erosions; 
acute  desquamative  enteritis,  similar  to  the  third  stage  of  choleriform  enter- 
itis; severe  diiTuse  hemorrhagic  necrotic  colitis."  In  his  epicrisis  he  considers 
the  acute  inflamjnation  of  the  colon  to  resemble  macroscopically.  in  some  par- 
ticulars, both  amebic  and  bacillary  dysentery,  although  not  clinically  analogous, 
and  considers  that  the  gastrointestinal  condition  deserves  special  mention  as 
indicating  a  selective  action  of  yprite  (mustard  gas).  He  states  further  that 
in  other  reported  necropsies  upon  cases  dying  from  the  action  of  other  asphyx- 
iating gases,  without  giving  the  references,  chronic  enteritis  and  gastrointestinal 
ulceration  have  been  observed,  and,  therefore,  concludes  that  there  is  a  paral- 
lelism between  the  action  of  other  toxic  asphyxiative  gases  and  mustard  gas. 
Karsiicr  noted  in  one  autopsy  case  congestion  of  the  stomach  mucosa  with  sub- 
mucous petechia  in   the   fundus. 

Other  writers  have  hinted,  without  producing  pathologic  evidence,  that  the 
gastrointestinal  symptoms  are  probably  the  result  of  mustard  gas  taken  into 
the  alimentary  tract  on  contaminated  food  ;  but  they  may  be  due  in  many  cases 
to  shock  or  be  secondary  to  the  respiratory  conditions. 

KxrKRIMKXTAL 

1.  Fekdixg. — Caj)sules  containing  .0(i-.24  c.c  of  dichlorethylsulphide  were 
given  to  rabbits  and  guinea  pigs  in  olive  oil,  butter  and  lard;  similar  capsules 
were  given  in  meat  to  dogs.  Animals  were  kept  fasting,  but  were  given  water 
to  drink.  They  were  killed  in  series  to  get  the  complete  pathologic  picture  from 
beginning  to  end  of  the  process.  For  the  purpose  of  brevity  protocols  are 
omitted,  and  the  results  of  the  experimental  work  are   condensed  as   follows : 

Symptoms. — These  appear  in   1-12  hours  usually.     \'omiting;  irritation  of 
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mucous  uicnihraucs  of  mouth;  profuse  salixatiou  ;  ullimalt'l\-  foul  discharge 
from  nose  and  mouth;  foul  diarrhea,  at  times  tarry  stools;  depression;  refusal 
of  food  and  water.  \\'hen  allowed  to  live  there  is  i^rogressive  anorexia,  and 
weakness;  hy  the  sixth  d,iy  the  animals  are  so  weak  that  they  lie  ]irostrate. 
Animal  becomes  greatly  emaciated,  with  odor  of  foul  putrefaction.  Foul  dis- 
charge from  mouth  persists.  Death  occurs  usually  hy  the  12th  day,  from  .03- 
.0()  c.c.  doses,  within  tlu-ee  to  li\e  da}s  from  the  .24  c.c.  dose,  for  dogs,  sooner 
for  guinea  pigs  and  rabbits. 

Cross  Patli()lo</\'. — l)ela}ed  rigor  mortis  in  animals  not  immediately  autop- 
sicd.  Emaciation.  No  free  gas  or  lluid  in  jieritoneal  cavity.  No  general  peri- 
tonitis. Liver  congested ;  gall  bladder  dilated ;  spleen  anemic,  small  and  dry. 
Heart  shows  dilatation  of  right  side.  Peculiar  chicken-fat  clots  in  right  ven- 
tricle of  dogs.  Lungs  show^  varying  degrees  of  congestion;  no  pneumonia. 
Kidneys  congested.  Chief  lesions  in  gastrointestinal  tract.  Stomach  and  duo- 
denum distended  with  gas  and  containing  greenish  or  black  fluid.  Mucous 
membrane  shows  varying  degrees  of  necrosis,  localized  in  patches  or  extending 
over  the  entire  surface.  The  necrosed  areas  appear  greenish  brown  or  gray, 
to  black,  without  much  inflammatory  reaction.  In  the  milder  cases  the  mucosa 
may  show  marked  congestion.  Very  little  hemorrhage  in  stomach.  Necrotic 
areas  are  usually  thinned,  but  the  animal  usually  dies  before  perforation  oc- 
curs. Early  peritonitis,  over  the  thinned  areas,  occurs.  Self-digestion  by  the 
stomach  juices  of  the  necrotic  surface  is  delayed,  from  the  inhibition  of 
stomach  secretions.  Clean  ulcers  were  not  seen  in  the  early  cases,  but  were 
found  in  from  six  to  twelve  days,  the  ulcer  extending  into  the  muscle  coat. 
The  stomach  lesions  do  not  show  the  characteristic  edema  produced  by 
dichlorethylsulphide  in  the  skin  and  conjuncti^•a.  A  moderate  edema  was 
observed  only  in  the  cardiac  end.  The  nonhemorrhagic  character  of  the  gas- 
tric lesions  is  also  striking.  Throughout  the  intestines  there  are  patches  of 
necrosis  with  congestion  and  slight  hemorrhage,  and  more  or  less  marked 
catarrh.  Mesenteric  glands  swollen,  edematous  and  congested.  Li  the  mouth, 
nose,  pharynx,  and  esophagus  of  a  certain  proportion  of  the  animals  marked 
necrotic  lesions,  with  secondary  infection,  occurred,  as  the  result  of  local  con- 
tact with  the  gas  in  swallowing  or  vomiting. 

Microscopic  Pathology. — Gastrointestinal  mucosa  shows  var\ing  stages 
and  degrees  of  necrosis,  involving  the  upper  layers  of  the  mucosa  or  extending 
through  the  submucosa  into  the  muscle  coats.  In  no  case  did  the  ulcer  extend 
through  the  muscle.  Preserved  portions  of  the  mucosa  show  dilated  glands 
filled  with  granular  or  thready  precipitate,  or  colloid  masses,  resembling  hyaline 
casts.  The  epithelium  of  the  deeper  yiortions  of  the  glands  often  shows  a 
marked  hydrojMc  degeneration  or  li(|uefaction  necrosis.  There  is  usually  little 
or  no  edema  of  the  submucosa  or  tissues  of  the  neighboring  stomach  wall. 
The  eschar  may  be  adherent  to  the  surface,  or  the  floor  of  the  ulcer  may  con- 
sist of  the  muscle  coats.  These  .show  ])olynuclear  infiltration,  congestion, 
some  fibrinous  exudate  into  the  tissues,  and  occasional!)'  hemorrhage.  In  the 
older  cases  there  is  often  a  marked  small-celled  infiltration  of  the  muscle  coats, 
extending  to  the  subserosa,  with  fibroblastic  proliferation  of  the  latter  and  be- 
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Fig.   26. — Rabbit   44.      Exposed   twelve   hours   to   a  concentration   of    1:50,000.      Died   ninety-two    hours   after 

gassing.     Mustard  gas  eschar   on   tungue. 


'W' 


VlfA': 


-Dog  2.     Received  four  minims  of  dichlorethylsulphide  on  meat.     Died  five  days  afterwards.     Small 
mustard  gas  eschar  in  stomach  mucosa.     Early  fibroblastic  proliferation. 


2(>2 
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ginning  poritonilis.  The  lU'crotic  areas  in  ihc  intesliiu'  are  similar  hul  show  a 
more  marked  leucoc\te  iiitiltration,  often  extending  to  the  serosa,  hnt  without 
any  overlving  peritonitis.  The  necrosis  of  the  mucosa  is  most  marked  over 
the  lymphoid  tissue;  Texer's  ])alches  often  hrini;  nearly  completely  necrosed. 
Numerous  ]^utrefacti\e  bacteria  nre  found  in  the  necrotic  areas  of  the  mucosa. 
The  entire  mucosa  is  congested,  and  inthmied,  showing  occasional  hem- 
orrhages. The  intiamed  mucosa  is  hut  moderatel}'  edematous.  There  is 
marked  mucoid  degeneration  of  the  ei>ithelium.  'J'he  mesentery  is  edematous, 
and  shows  at  the  insertion  areas  of  inflammation.  The  mesenteric  glands 
show  sinus  catarrh,  and  are  congested.     (See  Figs.  27  and  28.) 

2.  Gastrointestinal   Lesions   in    Gasskd   Animals. — In    animals   gassed 


Fig.  28. — Uog  4.  Received  one  minim  of  (lichlorethylsulphide  in  capsule.  Died  twelve  days  later. 
Portion  of  base  of  very  large  eschar  of  stomach  wall,  extending  nearly  to  the  serosa.  Marked  leucocyte 
intiltration. 


in  the  gassing  chamber  and  not  dying  within  several  days  there  are  found  prac- 
tically always  a  more  or  less  severe  congestion  and  catarrhal  inflammation, 
which  is  more  severe  in  the  small  intestine  than  in  the  stomach.  In  some 
cases,  more  severe  lesions  are  found  in  the  upper  part  of  the  digestive  tract 
(diphtheritic  necrosis,  catarrhal  inflammatioiL  ulceration,  etc.),  but  these  can 
be  explained  as  the  result  of  gas  swallowed  with  the  air,  salixa,  or  with  f ood  ; 
and  must  be  interpreted  as  direct  local  lesions.  (See  Fig.  26.)  The  generalized 
catarrhal  condition  of  the  small  intestine  may  be  explained  l)y  the  assumi)tion 
that  dichlorethylsulphide  or  some  substance  resulting  from  it  is  excreted  by  the 
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intestine  or  ihrouj^li  llie  1  ilc  m-  1»\  llic  diri-cl  local  action  of  minute  (juantilic-  of 
mustard  gas  taken  in  with  food  or  ^ali\a  and  diffused  throu;,diout  the  gastro- 
intestinal contents. 

CI, I  XICAI<    Or?SKl<VATIONS 

In  the  severe  cases  of  mustard  gassing  seen  by  us,  marked  nausea  and 
vomiting,  gastrointestinal  i)ain  and  diarrhea  either  preceded  or  were  synchro- 
nous syni]itoms  with  the  de\  i-jopment  of  the  cutaneous  burns.  We  believe  that 
these  are  reHe.x  in  nature  and  can  be  regarrled  as  symptoms  of  the  severe 
shock  from  which  the  ])atients  suffered  at  this  time.  We  also  believe  that  the 
gastroinleslinal  symptoms  seen  in  several  ])atients  after  the  s_\mi>toms  of  severe 
shock  had  (lisai)i)eared  were  rellex  and  dependent  u]ion  the  laryngotracheal- 
bronchial  irritation   (coughing). 

In  the  fatal  case  the  following  gross  appearances  in  the  gastrointestinal 
tract  were  noted : 

The  stoiiiach  contains  a  small  amount  of  thin,  grayish  fluid,  slightly  blood 
Stained,  and  .'some  milk  curds.  Throughout  the  entire  mucosa  there  are  nu- 
merous small  ])etechial  hemorrhages,  these  being  most  numerous  toward  the 
cardia  where  the  mucosa  is  si)rinkled  with  them,  many  of  them  being  con- 
fluent. They  all  a]i]*ear  very  fresh,  the  blood  not  being  discolored  and  no 
erosions  or  ulcerations  over  them.  The  gastric  mucosa  is  thin,  smooth  anrl 
soft,  with  early  i)ostmortem  change.  The  duodenum  contains  a  thin,  gra\"ish 
bile-stained  fluid,  the  mucosa  is  congested  and  covered  with  a  tenacious,  thick, 
gravish  mucus.  Just  below  the  pylorus  there  are  numerous  hemorrhages  in 
the  mucosa.  The  small  iiifcsfiuc  is  distended  with  gas  and  at  intervals  there 
are  small  collections  of  thin  fecal  matter  slightly  bile  stained.  The  mucosa  is 
congested  and  there  is  marked  hypostasis  in  portions  of  the  loops  without  other 
changes.  The  colon  contains  gas  and  some  formed  fecal  masses.  The  mucosa 
is  negative. 

Microscopic  Fi)idiii(/s. — The  stomach  shows  a  marked  congestion  of  the 
vessels  of  the  mucosa  with  numerous  fresh  hemorrhages.  Postmortem 
digestion  of  the  upper  portion  of  the  mucosa.  'I'hc  duodouDii  shows  post- 
mortem necrosis  of  the  upper  portion  of  the  mucosa,  congestion,  and  marked 
mucoid  change  in  the  glands  of  Brunner.  The  small  intestine  shows  a  post- 
mortem desquamation  of  the  surface  epithelium,  slight  catarrh  of  the  glands 
and  congestion  and  edema  of  the  mucosa.  Colon  shows  a  similar  condition. 
Appendix  shows  evidences  of  old  inflammation.  Xo  active  process.  The 
viescnteric  (ilands  show  a  marked  sinus  catarrh  with  man}-  hemophages  pres- 
ent in  the  sinuses. 

It  is  hardh-  probable  that  the  gastrointestinal  changes  observed  in  this 
case  are  the  direct  result  of  the  nuistard  gassing.  It  is  much  more  likely  that 
they  are  entirely  secondary  phenomena. 

(For  the  gastrointestinal  lesions  produced  by  subcutaneous  anil  iiura- 
venous  injections  of  mustard  gas  the  reader  is  referred  to  the  paper  on  "The 
General  Pathology  of  Mustard  Gas  (Dichlorethylsulphide")  Poisoning."  Journal 
of  Laboratorx  and  Clinical  ^fedici)le,  this  number,  p.  2{^S). 
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CONCLUSIONS 

T.    KK.SIMKATOKV   TRACT 

1.  The  action  of  dichlorcthylsul])hide  mustard  tj^as,  upon  the  epitheHum 
of  the  respiratory  tract  is  escharotic  in  character,  similar  to  its  action  upon  the 
epidermis,  cornea  and  conjuncli\al  e|)ithelium.  Degeneration  or  complete 
necrosis  of  the  epithelium,  or  deeper  necroses  extending  into  the  submucosa, 
constitute  the  primary  lesions  ]iroduced  in  the  respiratory  tract  by  mustard 
gas  in  weak  or  strong  concentrations.  These  lesions  are  most  marked  in  the 
anterior  nares,  mouth,  pharynx.  larAnx  and  upper  i)art  of  trachea,  diminishing 
in  intensity  toward  the  lungs.  In  the  most  severe  cases,  however,  the  bron- 
chial epithelium  may  also  undergo  degeneration  or  necrosis.  The  subepithelial 
edema  in  the  upper  respiratory  tract  is  not  at  all  comparable  in  degree  to  that 
associated  with  mustard  gas  lesions  of  the  skin  and  conjunctiva. 

2.  Following  the  primary  lesion  there  develops  a  catarrhal  or  a  diph- 
theritic rhinitis,  localized  stomatitis,  pharyngitis,  laryngitis,  tracheitis  or 
bronchitis. 

3.  In  even  the  mildest  cases  there  is  marked  congestion  and  edema  of  the 
lungs  and  catarrhal  bronchitis.  In  the  more  severe  cases  the  bronchitis  may 
be  diphtheritic  in  character.  Secondary  infection  may  occur,  and,  following 
the  development  of  a  purulent  bronchitis,  a  purulent  bronchopneumonia  may 
result.  We  have  observed  no  pneumonia  resulting  directly  from  the  gassing. 
All  of  the  pneumonias  observed,  following  the  gassing,  have  been  the  result  of 
secondary   infection. 

II.    GASTROINTESTINAL    TRACT 

1.  Direct  application  of  mustard  gas  to  the  mucosa  of  stomach  or  intestine, 
by  means  of  contaminated  food,  produces  localized  degeneration,  necrosis  and 
ulceration  similar  in  type  to  the  lesions  of  the  respiratory  tract. 

2.  The  mild  catarrhal  conditions  and  small  localized  eschars  of  the 
stomach  and  upper  portion  of  the  small  intestine  seen  in  animals  gassed  in  the 
gassing  chamber  may  be  explained  as  the  result  of  minute  quantities  of  mustard 
gas  swallowed  with  air  or  dissolved  in  the  saliva. 

3.  The  gastrointestinal  symptoms  seen  in  gassed  human  beings  are  prob- 
ably chiefly  reflex,  either  associated  w^ith  shock  or  with  the  respiratory  irri- 
tation. As  in  other  forms  of  gassing,  it  is  probable  that  erosions  or  ulcers  of 
the  stomach  and  intestine  may  be  embolic  in  character,  the  emboli  arising  in 
the  primary  or  infected  mustard  gas  lesions  of  the  skin  or  elsewhere.  It  is 
also  possible  that  in  man,  as  in  the  case  of  animals,  localized  eschars  of  the 
gastrointestinal  mucosa  may  be  produced  by  the  direct  action  of  mustard  gas 
swallowed  in  contaminated  food  or  saliva. 
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I!v  Ai.DKi.i)  ScoTT  Wautiiin,  Ph. I).,  M.I)..  as\>  Caki,  \'i;k.\o.\  \\'i;i,i,i:i<,  M.S., 

M.I)..  A.\.\   Aki'.ou.  Mkii. 

ylC'l'UK  Mli)'lil\.  the  (li>c()verer  of  clichlorelliyl.sulpliide,  believed  that 
mu.^lanl  <.;;is  ;iii])lic(l  to  tiic  unljrokcn  as  well  as  to  the  scra[)ed  skin  of  rabbit's 
could  jiroducc  lesions  in  other  ])arts  nr)t  directly  touched  by  the  application 
(eyes  and  auditory  canal).  He  also  made  a  subcutaneous  injection  of  two 
drops  into  the  back  of  a  rabbit.  No  effects  w-ere  noted  at  the  site  of  the  injec- 
tion, but  the  animal  developed  inflammation  of  both  eyes,  with  severe  snuf- 
fles, and  died  of  pneumonia  on  the  third  day.  From  these  data  he  concluded 
that  the  most  severe  action  of  dichlorethylsulphide  develo])s  only  after  its  en- 
trance into  the  l^lood.  Haldanc  is  reported  as  havin<T  confirmed  ^leyer's  obser- 
vation, by  ]-)roducing  conjunctivitis  and  death  from  pneumonia  through  injec- 
tion. /\'o//.s-  and  GUhcrt  have  observed  that  10  mg.  of  an  alcoholic  solution  in- 
jected into  the  muscles  and  al>o  intravenousl}'  caused  only  a  temporary  depres- 
sion and  loss  of  ai^petite  with  recovery  in  a  week;  but  similar  injections  of 
50-100  mg.  in  alcohol  and  water  emulsion  produced  convulsions  within  one 
hour,  and  death  in  three  hours. 

The  general  trend  of  the  clinical  observations  made  by  French  and  Italian 
medical  men  in  field  hospitals  is  to  the  effect  that  the  lesions  of  mustard  gas 
poisoning  are  local,  and  that  no  general  toxic  action  is  produced.  Giraud 
makes  the  definite  statement  that  all  of  the  lesions  observed  by  him  were  purely 
local.  He  only  rarely  saw  general  symptoms,  rapid  pulse  and  fever ;  and  these 
symptoms  he  thought  might  be  due  to  other  causes  than  an  intoxication.  The 
frequent  vomiting  he  considered  dependent  upon  the  respiratory  irritation  and 
attemjits  at  coughing.  Maiidel  and  Cihso)i  do  not  speak  of  any  general  toxic 
symptoms.  PissarcUo  also  considered  the  frequently  occurring  vomiting  to  be 
reflex  to  coughing.  Fie  concluded  that  ocular  symptoms  are  due  entirely  to  the 
direct  action  of  mustard  gas  va])or:  and  that  they  are  not  produced  by  any 
substance  in  the  blood  of  the  gassed ;  and,  further,  carried  out  a  series  of  experi- 
ments to  show  that  there  was  no  poisonous  substance  irritant  to  the  conjunc- 
tiv?e  in  the  tears  or  sweat  of  soldiers  suffering  from  mustard  gas  conjunctivitis. 
Since  gastric  symptoms,  hemorrhage  and  ulceration,  have  been  noted  in  other 
forms  of  gassing,  notably  with  chlorine,  some  writers  have  assumed  their  anal- 
ogous occurrence  in  mustard  gas  poisoning. 

Caiiclli,  in  the  first  juiblished  Italian  autopsy  protocol  of  a  mustard  gas 
death,  notes,  in  addition  to  the  local  lesions  of  skin  and  respiratory  tract,  a 
parenchymatous  degeneration  of  the  liver,  fatty  cloudy  swelling  of  the  kidneys, 
hemorrhage  into  adrenal  medulla,  acute  gastroduodenalitis  with  hemorrhagic 
erosion,  an  acute  desquamative  enteritis,  and  severe  diffuse  hemorrhagic  necrotic 
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colitis.  He  seems  inclined  to  the  belief  that  the  gastrointestinal  lesions  are 
analogous  to  those  produced  by  other  forms  of  gassing.  Mackenzie  in  autopsies 
upon  animals  gassed  with  dichlorethylsulphide  observed  focal  necroses  in  the 
liver,  punctate  hemorrhages  in  adrenal  cortex,  swelling  and  hyperemia  of  the 
gastroduodenal  mucosa,  and  in  one  case  hemorrhagic  ulcerations  near  the  py- 
lorus. He  could  not,  however,  ascribe  any  positive  relationship  of  these  find- 
ings to  the  gassing.  McNcc  observed  acute  hemorrhagic  nephritis,  degenerative 
changes  in  the  central  portion  of  liver  lobules  and  minute  hemorrhages  in  the 
brain,  in  a  few  instances.  In  the  four  mustard  gas  autopsies  reported  by 
Karsncr  the  only  pathologic  findings,  aside  from  the  local  lesions  of  skin  and 
respiratory  tract,  were  a  dusky  red  congestion  of  all  the  viscera,  including  the 
brain  in  two  cases,  and  submucous  petechiae  in  the  fundus  of  the  stomach. 

The  question  of  the  internal  pathology  of  gassing  with  mustard  gas  is, 
therefore,  not  yet  satisfactorily  answered ;  and  the  object  of  the  investigations 
recorded  in  this  paper  has  been  to  throw  some  light  upon  this  problem. 


I.  GENERAL  PATHOLOGY  OF  ANIMALS  GIVEN  LOCAL  APPLICA- 
TIONS   OF    DICHLORETHYLSULPHIDE    TO    SKIN    OR 
CONJUNCTIVA,    OR  EXPOSED   TO    ITS    VA- 
POR IN  GASSING  CHAMBER 

From  observations  made  upon  a  large  number  of  animals  exposed  to  mus- 
tard gas,  either  by  direct  applications  to  the  skin  or  eyes,  or  in  the  gassing 
chamber,  the  systemic  symptoms  shown  consist  of  gastrointestinal  disturbances, 
such  as  vomiting  and  diarrhea ;  disturbance  of  heart  rate,  usually  an  increased 
rate,  but  in  severe  cases  the  rate  may  be  slowed;  lowering  of  the  temperature 
except  with  infection ;  decreased  urinary  elimination  ;  in  the  blood  a  secondary 
anemia,  leucocytosis  or  leucopenia  ;  and  nervous  symptoms,  as  increased  reflex 
excitability,  tremors  and  convulsions,  or  marked  depression,  stupor  and  coma. 
The  great  majority  of  slightly  or  moderately  gassed  animals  show  no  systemic 
phenomena.  The  most  constant  of  the  general  symptoms  are  the  gastrointes- 
tinal. While  a  certain  number  of  cases  showing  these  symptoms  may  be  ex- 
plained as  resulting  from  slight  quantities  of  mustard  gas  swallowed  in  the  air 
or  saliva,  or  on  food  particles,  it  is  probable  that  the  gastrointestinal  symptoms 
are  chiefly  reflex  to  the  respiratory  irritation,  or  are  a  part  of  the  general  phe- 
nomena of  shock.  In  all  severe  dichlorethylsulphide  gassing  an  initial  shock 
is  very  common,  and  the  changes  in  temperature,  circulation,  etc.,  form  part 
of  the  clinical  picture  of  this  condition.  With  the  development  of  pneumonia 
or  localized  infection  the  usual  systemic  symptoms  attending  such  processes  are 
observable. 

We  have  seen  nothing  to  make  us  believe  that  Victor  Meyer's  idea,  that 
the  toxic  action  of  mustard  gas  is  exerted  chiefly  through  the  blood,  is  correct  ; 
indeed,  all  of  our  observations  make  us  certain  that  local  apitlications  of  mus- 
tard gas  to  the  skin  of  distant  parts  can  not  produce  conjunctivitis  or  local 
lesions  at  other  sites.     Meyer's  conclusion  was  based  upon  an  error  in  technic. 
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'I'lu-  insidious  rliaractcr  of  mustard  gas,  the  difficulty  in  handlinjj  it,  the  ease  by 
which  invisihle  (hoi)lels,  spray  or  \'a\h)X  may  he  conveyed,  and  the  frequent 
occurrence  of  such  secondary  tr.ansmittcd  lesions  explainahle  in  this  way,  are 
sullicient    t^Mouuds   in   cxiilanation   of   Mcyei's   incorrect  judf,'ment. 

Likewise  the  jiatholoj^ic  tuidinj^s  in  gassed  animals  give  no  convincing  evi- 
<lence  of  the  ahsorplion  <jf  mustard  gas  into  the  hlood  from  the  skin,  eyes,  or 
respiratory  tract.     The  general  pathology  is  as  follows : 

Central  Xcn'oiis  Sxstciii. — Congestion;  very  rarely  minute  hemorrhages; 
in  infected  cases  eml)oli  are  seen  rarely. 

Thyroid. — Congestion;  no  other  changes,  except  as  involved  directly  from 
the  laryngeal  lesions.  This  event  is  common  enough  in  the  severe  cases  of 
laryngeal  and  tracheal  diphtheritis.  when  the  thyroid  is  congested,  edematous 
and  infiltrated  with  leucocytes. 

Heart. — Ventricles  usually  dilated.     Xo  changes  observable  in  heart  muscle. 

Aorta. — Intima  of  great  vessels  occasionally  shows   fatty  streaks. 

Lung. — When  not  involved  directly  through  the  respiratory  tract,  as  in 
local  application  to  the  skin,  the  lung  shows  congestion,  with  or  without  edema. 
In  the  case  of  infected  skin  or  eye  lesions  pulmonary  emboli,  metastatic  pneu- 
monia, etc.,  may  occur. 

Spleen. — Congested.  In  some  cases  an  increase  in  the  number  of  pigmented 
phagocytes. 

Adrenals. — Congestion.  Occasionally  minute  hemorrhages  in  medulla. 
(These  are  probably  postmortem.) 

Kidneys. — Congestion.  Frequently  slight  cloudy  swelling.  In  infected  cases 
more  marked  cloudy  swelling,  casts. 

Panereas. — Congestion. 

Liver. — Marked  congestion.  In  the  majority  of  cases  liver  cells  are  normal; 
slight  cloudy  swelling  and  fatty  changes  are  not  rare,  but  their  occurrence  does 
not  suggest  any  direct  relationship  with  the  gassing. 

Gall  Bladder. — A  thinner,  watery  bile  is  usually  present. 

Gastrointestinal  Tract. — Congestion  and  mucous  catarrh  are  always  pres- 
ent. IVIinute  hemorrhages  and  erosions  are  frequently  seen  in  stomach  (vom- 
iting .0.  Very  rarely  embolic  hemorrhages  and  erosions  occur,  especially  in 
animals  with  large  eschars,  or  infected  lesions.  At  times  local  eschars  of  the 
gastric  mucosa  occur ;  these  are  explainable  as  due  to  ingestion  of  contaminated 
food  or  saliva.  The  marked  salivation  seen  in  many  animals  and  the  swallow^- 
ing  of  quantities  of  such  saliva  containing  small  amounts  of  mustard  gas,  otTer 
a  plausible  explanation  for  the  catarrhal  conditions  found  in  the  gastrointes- 
tinal tract,  without  assuming,  as  some  writers  have  done,  that  thev  are  due  tc 
an  excretion  of  mustard  gas  through  the  gastrointestinal  mucosa.  The  intense 
splanchnic  congestion  usuall\-  present  may  also  serve  to  explain  the  gastu'a- 
intestinal  conditions. 

Mesenteric  Lymph  \odcs. — Congestion  and  edema. 

Genital  Organs. — Xo  changes  noted. 

Urinary  Bladder. — Xes^ative. 
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II.  GENKlvAl.  J\VTH()U)GY  AS  SHOWN  IN  HUMAN  AUTOPSY 

The  protocol  of  tlie  gross  and  microscopic  general  pathology  of  the  one 
human  auto])sy  case  of  fatal  poisoning  from  mustard  gas  seen  by  us  is  given 
here  in  full,  with  ihc  exception-,  ot  tlic  respiratorN'  and  gastrointestinal  tracts, 
which  are  given  in  the  preceding  article. 

Autopsy  FRO'rocoh.—Prkvte  Ho.     Died   12:30  i>.m.,  July  8,   1918. 

(Autoj^sy   by   Dr.   A.   .V,    ll'arlhin.  2  .Oi)   p.m.,  July   8,    1918.J 

External  Ji.vaiiiiihiitiiiii. — Youiil;  athilt  male  body,  Icngtli  170  cm.,  strono-  build,  frame 
large,  thorax  deep,  epigastric  angle  a  right  angle,  abdomen  on  Icxcl  with  ribs.  Muscula- 
ture good,  well  develojied.  Panniculus  abundant,  particularly  over  a'bdomen  and  thig^is. 
Hips  rounded,  slightly  of  feminine  type.  Neck  thick,  tliyroid  small,  facies  slightly  sug- 
gestive of  mouith  breathing;  general  appearances  of  body  suggest  the  lymphatic  constitu- 
tion. All  regional  lymph  nodes  prominent.  Hair  of  head  abundant,  dull  brownish  in 
color,  dry ;  scalp  .shows  much  dandruff.  Face  shaven,  beard  not  heavy,  body  hair  fairly 
abundant,  inibic  hair  of  feminine  type.  External  genitals  small,  scrotum  small,  tight; 
testicles  small;  penis  medium  size,  moderate  phimosis.  No  anomalies.  No  deformities, 
defects  or  mutilations.     No  surgical  woujids  or  scars. 

Hyffostasis. — Moderate  postmortem  hypostasis,  pale  in  color,  except  over  bypcremic 
areas.     Superficial   veins  on  upper  portion  of  body   contain  but   little  blood. 

Rigor  Mortis. — Marked  rigor  mortis  throughout  body,  except  in  right  arm,  where 
it  has  been  broken  by  manipulation  of   the   arm. 

Body   Heat. — ^Body    is    cold.      (Cooled    In'    undertaker.) 

Odor. — Marked  odor  of   gangrene   over   the   skin,   particularly    from   that   of  back. 

Skin. — IMarked  pigmentation  of  skin  of  face,  hands  and  forearms.  Right  hand 
shows  irregular  patches  of  pigmentation  alternating  with  paler  recent  scars  of  older 
(mustard  gas)  Imrns.  Hands  show  irregular  patches,  particularly  lietween  the  fingers, 
of  desquamation   of  the  horny  layer.     No   recent  burns   on   hands. 

Over  the  greater  part  of  the  body,  from  the  collar  line  down  to  the  boot  line,  the 
skin  presents  the  appearance  of  a  chemical  burn,  varying  in  degree  from  hyperemia, 
slight  desquamation,  dried  blebs  and  bullje,  denuded  areas,  to  areas  of  well-marked 
necrosis  and  eschar  formation.  These  lesions  are  most  severe  in  the  axillary  regions, 
inner  aspect  of  arms,  bends  of  elbows,  flanks,  genitals,  thighs  and  back.  Severe  lesions 
completely  encircle  both  thighs,  particularly  marked  posteriorly  where  there  is  extreme 
necrosis,  secondary  infection  and  pus  formation.  The  necrosis  is  very  marked  over  the 
entire  back,  neck,  shoulders  and  buttocks,  where  the  skin  is  discolored,  mottled  red, 
grayish,  yellowish  gray,  brown,  black  or  greenish,  with  marked  gangrenous  odor.  Deeper 
points  of  hyperemia  corresponding  to  the  hair  follicles  show  in  these  discolored  areas. 
Over  a  large  part  of  these  lesions  the  epidermis  is  desquamated  in  large  bullae,  and  the 
desquamated  surface  is  brown,  yellow  or  red.  There  are  no  large  hemorrhages  into 
these  lesions,  and  very  few  petechial  hemorrhages,  the  reddened  areas  being  hyperemic 
only,  the  redness  disappearing  on  pressure.  From  the  discolored  moist  areas  a  cloudy 
foul-smelling  serum  exudes.  This  is  not  blood  stained  in  any  region.  Through  the 
hyperemic  areas  in  many  regions  the  hair  follicles  appear  as  opaque,  yellowish  miliary 
nodules.     These  are  particularly  marked  over  the  scrotum. 

The  skin  of  the  abdomen  is  hyperemic  with  a  pale  belted  line  corresponding  to  the 
protection  afforded  by  belt  worn  by  patient.  This  belted  area  of  less  injury  disappears 
in  the  flanks  and  shows  but  slightly  on  the  back.  The  anterior  surfaces  of  the  thighs 
are  bright  scarlet,  marked  hyperemia.  The  hyperemia  stops  rather  abruptly  over  the 
legs  about  15  cm.  below  the  lower  border  of  the  patella.  The  lower  portions  of  the  legs 
show  practically  no  involvement  anteriorly;  posteriorly  there  is  slight  discoloration  and 
hyperemia    (hypostasis?).     The   feet   show  no  lesions. 

The  face  shows  no  lesions  except  on  the  right  side,  around  and  below  tiie  right 
ear,  wHiere  there  is  a  slight  desquamation  of  the  epidermis,  with  some  reddening  of  the  edges 
and  elevated  portions  of  the  lobe  of  the  ear.  Below  the  left  ear  there  is  slight  desquama- 
tion without  reddening.  Over  the  iicck,  below  the  chin,  are  patches  of  dried  vesicles, 
brownish   red   where  the  epidermis  is   desquamated,   and   red   where  it  is   still   intact.     The 
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hair  slinws  no  (  1i;iiik<.'S.  On  tlic  .vci;//'  tlic  only  Irsioii  ffjiind  is  an  area  of  hyiicrcmia 
aliovc  the  rinht  in.isldid  prMiniiicii.  (  .  Here  iIk-  scalp  is  scaly  with  a  lar^c  amount  of 
(l.iuilinlT. 

It    is    notalilc    tliat    the    skin    over    the    lioiiy    prominences,    particularly    over    clavicles, 
scapulie,   dr.,   slinws  circiimscril)e(l   patches  of  dcci)cr  eschar   formation. 

'Ilu'  arrnla-  of  li"il:  iiipjiles  show  strikingly  the  4,n-eater  intensity  of  the  injury  around 
tlir  liair  follicles  and  seliaceous  (ilands.  Kach  nipi)le  is  surr<iunded  hy  a  deci)  zone  of 
hyperemia  in  wiiich  the  epidermis  has  heen  lost;  through  the  iiyi)eremic  skin  the  yellowish, 
enlar);cd  iiair  follicles  can  he  seen. 

The  skin  of  penis  and  sn-dluiit  is  discolored,  necrotic  and  j,'ives  ofif  a  foul  ^'angrenous 
odor.  There  is  a  well-marked  i)himosis.  hut  the  small  portion  of  the  glans  exposed,  around 
the  meatus,  is  necrotic,  yellowish  and  infiltrated  with  pus.  A  drop  of  pus  exudes  frf.m  the 
meatus.  The  rcmainin-.?  portion  of  the  mucosa  of  the  .^lans  shows  a  marked  inflammatory 
reaction  (hyperemia,  inhltration  and  nKina).  Through  the  discolored  skin  of  the  scralum 
the  yellowish  necrotic  enlarged  liair  follicles  and  sebaceous  glands  stand  out  prominently. 
Around  the  anus  there  is  a  zone  of  marked  gangrene  and  suppuration  of  the  skin. 

The  areas  of  skin  (face,  hands,  legs  and  feet)  not  affected  hy  'die  lesions  show  m.-'rked 
anemia. 

Mucous  Mcmhrancs. — These  are  pale,  particularly  the  lips.  They  are  dry  hut  show- 
no  hums.     Tip  of  the  tongue  shows  no  lesions.     (See  below.) 

Bycs.—'VhQ  cornea  and  conjunctivjc  of  both  eyes  are  clear;  there  is  no  hyperemia,  no 
discharge,  no  opacity.     No  signs  at  all  of  conjunctival  involvement. 

Nose. — Nasal  openings  negative. 

Bars. — .Auditory  passages  negative. 

Edema. — Trace  only  about  ankles  ;  none  in  eyelids  or  below  eyes.  Over  the  burned 
areas  the  skin  is  swollen,  tumefied,  infiltrated,  consistency  increased,  but  pits  only  slightly 
on  pressure. 

MAIN   SECTION 

On  section  the  panniculus  is  abundant,  pale  yellow,  moist  shining,  and  only  slightly 
edematous.  The  superficial  veins  are  markedly  anemic.  No  free  gas  in  peritoneal  cavity. 
Abdominal  recti  deep  red  in  color,  with  lighter  patches  of  hyaline  or  Zenker's  necrosis  (as 
in  typhoid).  Oiucntuui  lies  a  handbrcadth  below  the  umbilicus,  is  very  rich  in  fat;  its  ves- 
sels are  empty. 

There  is  no  free  fluid  in  the  cavity.  The  peritoneal  surface  is  clear,  shining,  rather 
dry,  but  shows  no  signs  of  inflammation.  Upper  coils  of  small  intestine  are  distended  with 
gas.  Cecum  is  greatly  distended,  also  transverse  colon,  and  descending  colon  as  far  as 
the  sigmoid. 

Hepatic  and  splenic  flexures   collapsed. 

Stomach  in  normal  position,  contains  a  small  amount  of  fluid  and  gas.  Vessels  of 
stomach  enormously  congested.  Pylorus  is  in  normal  position.  Old  adhesions  around  the 
appendi.v.  but  no  active  process.  The  appendix  is  10  cm.  long,  patent  throughout,  and 
empty. 

Lower  border  of  liver  in  median  line  is  three  fingerbreadths  below  the  ensiform,  and 
about  one  fingerbreadth  below  costal  margin  in  the  right  nipple  line.  The  spleen  is  in  nor- 
mal position,  the  lower  pole  about  two  fingers  above  the  costal  margin. 

The  diaphragm  on  the  left  is  in  the  5th  i.c.s.,  and  at  the  5th  rib  on  the  right. 

The  thoracic  muscles  are  deep  red,  very  dry  and  anemic. 

The  costal  cartilages  are  white,  and  cut  easily. 

No  free  gas  or  air  in  the  pleural  cavities. 

The  sternum  shows  normal  consistence,  and  its  red  marrow  is  in  normal  amount  and 
appearance. 

The  anterior  mediastinal  fat  is  very  abundant  and  sbows  numerous  petechial  hemor- 
rhages. The  fat  is  very  abundant  over  the  pericardial  .^ac.  and  shows  numerous  petechial 
hemorrhages. 

The  thymic  fat  is  abundant  and  contains  numerous  petechial  hemorrhages.  In  it. 
the  thymus  is  still  present  in  the  form  of  two  distinct  lobes,  each  of  which  is  5  cm.  long 
and  3-5  mm.  thick.     Its  color  is  pink,  consistence  firm  ;  no  hemorrhages  in  its  substance. 

The  lungs  meet  in  the  middle  line  above  the  heart.  The  ape.x'  of  the  heart  is  in  the 
5th  i.c.s.,  inside  the  left  nipple  line. 

Both  lungs  are  free  throughout.    There  is  no  fluid  in  either  pleural  cavity. 
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rcriraniiiDn. — Xo  t;as  in  pericardial  sac;  fluid  normal  in  anmnnt,  clear  ainhcr.  Peri- 
cardial lining  smooth,  clear,  moist,  sliininsi'. 

Heart. — Heart  is  small,  smaller  than  cadaver's  right  fist;  in  marked  rigor  mortis. 
the  left  ventricle  completely  contracted,  and  the  right  one  nearly  so.  The  attriclrs  and 
7'cii(r  cax'cr  are  collapsed,  nearly  empty;  on  section  contain  hut  a  small  amount  of  dark 
fluid  'hlood.  The  suhenicardial  fat  \^  in  excess;  over  the  pulmonary  artery,  just  ahove 
the  conns,  is  a  sclerotic  patch  ("soldier's  spot")  ahout  the  size  of  a  dime;  along  the 
coronary  hranches,  posteriorly  over  the  left  ventricle,  arc  narrow  stripes  of  sclerosis.  There 
are  numerous  suhepicardial  hemorrhages,  most  marked  in  the  neiehhorhood  of  the  auriculo- 
ventricular  groove.  On  section  the  heart  contains  a  very  little  fluid  blood  and  small  thin 
lardaceous  agonal  clots,  particularly  in  the  right  ventricle,  extending  into  the  pulmonary 
artery. 

The  mllraJ  opening  admit--  two  fingers;  the  flaps  are  negative.  Tn  tlie  left  auricle  a 
small  agonal  lardaceous  clot.  The  left  ventricle  wall  measures  20  mm.  in  thickness,  the 
muscle  is  deep  hrownish  red,  firm,  and  shows  no  cloudiness,  fibroid  patches  or  fatty  change. 
No  faitty  change  seen  beneath  the  endocardium. 

The  fricus/^id  opening  admits  three  fingers  barely.  Tts  flaps  are  normal.  Small 
agonal  clot  in  right  auricle.  The  foramen  ovale  is  patent,  an  oval  slit  admitting  probe  3  mm. 
in  diameter,  but  well  guarded  by  membranous  curtain.  The  puhnonary  artery  admits  two 
fingers,  the  pulmonary  semilunar  valves  are  negative.  The  r\qht  veniricle  wall  measures 
3-8  mm.  in  thickness,  about  one-half  of  this  being  fat  tissue.  The  aortic  opening  admits  the 
thum'b  easily.  Its  semilunar  flaps  negative.  The  beginning  of  the  aorta  shows  very  fine 
stripes  and  patches  of  fatty  degeneration  of  the  intima.  Arch  of  aorta  negative;  also  its 
main  branches.     Pulmonary  artery  and  main  Wanches  empty  and  negative. 

(For  protocol  of  lungs,  see  paper  on  Respiratory  Lesions.) 

Examination  of  thoracic  duct  negative. 

Thoracic  aorta  shows  linear  stripes  of   fatty  degeneration. 

(For  protocol  of  mouth  and  neck  organs,  see  paper  on  Respiratory  Lesions.) 

The  cervical  esophagu;  shows  some  injection  of  its  mucosa  at  its  mouth  with  super- 
ficial desquamation  ;  below  this  no  changes  except  postmortem  hypostasis.  A  small  amount 
of  stomach   contents   in  the   lower  portion. 

The  thyroid  is  small;  but  on  section  shows  normal  amount  of  colloid. 

Parathyroids,  four  in  num.ber,  brownish  in  color,  about  normal  size. 

Cervical  nodes  are  about  normal  in  size,  some  larger,  translucent,  slightly  edematous. 

Parotid  and  submaxillary  glands  are  normal  in  size  and  appearances. 

Great  vessels  and  nerves  of  neck  region  are  negative. 

Abdominal  Orgaxs. — The  spleen  is  somewhat  enlarged,  soft,  flattens  on  the  board, 
its  capsule  slightly  wrinkled.  On  its  surface  are  the  remains  of  a  few  old  adhesions  to  the 
diaphragm.  On  section  the  pulp  is  soft,  deep  brownish  red,  rises  above  the  trabeculse. 
the  cut  surface  slightly  shagreened.  Bleeds  rather  poorly.  Follicles  barely  visible.  There 
are  no  infarcts,  abscesses,   or   other  lesions   apparent. 

The  adrenals  are  surrounded  by  abundant  fat  tissue.  Both  are  normal  in  proportion. 
the  cortex  pale  yellow  and  somewhat  fatty,  the  medullary  portions  showing  no  postmortem 
changes.     No  pathologic  changes  apparent. 

The  kidneys  have  large  fatty  capsules.  Fibrous  capsules  strip  very  easily.  Both 
kidneys  somewhat  enlarged,  plump  and  markedlv  congested.  Surfaces  smooth,  veins  con- 
gested. On  section  both  kidneys  bleed  freely.  The  cut  surface  shows  extreme  congestion  ; 
the  outlines  between  labyrinths  and  medullary  rays  are  not  distinct.  The  surface  is  slightly 
cloudy  (slight  or  moderate  cloudy  swelling).  The  pelvis  of  the  left  kidney  is  negative'; 
that  of  the  right  is  dilated,  filled  with  cloudy  urine,  and  its  mucosa  slightly  injected. 

The  left  ureter  is  normal  in  size  and  appearances;  the  right  is  dilated  with  cloudy  urine. 

The  urinary  bladder  is  moderately  distended,  containing  about  60  to  70  c.c.  of  turbid 
urine.    Mucosa  is  pale,  negative. 

The  prostate  is  of  normal   size  and  sliape  ;   on  section  normal   in  appearance. 

The  seminal  vesicles  contain  a  small  amount  of  thin  brownish  semen  on  the  right  side  ; 
on  the  left  they  are  nearly  empty;  and  the  walls  show  some  thickening. 

The  testes  .show  congested  tunics.  No  fluid  in  sacs.  On  section  l)Oth  organs  are 
rather  small,  slightly  congested  and  slightly  edematous.  The  left  testis  shows  slight  fibrosis 
extending  from  the  rete. 

(For  protocol  on  gastrointestinal   lesions,   see  preceding  article.) 

The  liver  is  nuich  enlarged,  particularly  the  right  lobe;  but  the  lower  border  is  rather 
sharp.     Capsule  negative.     Surface   smooth.     Color   deep   brownish    red   with   paler   anemic 
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;irc.i<.  tin  -r.tioii  Muds  very  t'rci-ly.  ConsisUMicy  fiiirly  firm.  Cut  surface  uniff>rm  deep 
rrddisli  liniwii,  the  IdIiuIi.'^  ciihirvffl.  with  couKcstcd  cfiilral  aria'i  and  slijiluly  cloudy 
paniuliyma   (sHkIiI  cloudy  swelling).      \iumic  areas  sliow  slight   fatty  sliinc. 

'I'lu-  hUr  l^nssiUfcs  are  patent,  (ial!  Mudder  small,  contains  a  moderate  amount  of  thick 
hrowiiish  Iiilc,  no  concretions. 

The  j^oiial  vein,  coiiidkhi  diiil  and  iiifrrinr  :u-iui  ava  negative  on   section. 

Tlic  entire  splancJiiiic  area  is  congested. 

The  rclropcritnncal  tukI  mesenteric  lynipli  nodes  arc  enlarged,  markedly  congested 
and  somewliat  edematous.  The  jirex crtehral  henutlyniph  nodes  arc  hyperplastic,  deep  red, 
and  very  numerous. 

The  thoracic  and  abdominal  aorta  small  in  size  Oiypoijlastic),  empty;  the  intima.  shows 
linear  stripes  of  fatty  degeneration,  most  marked  in  the  neighhorhood  of  the  coeliac  axis. 

Semihinar  qanglia  and  solar  plexus  negative. 

Xkrvgi's  Svstkm. — Head. — The  scalp  is  negative  except  for  changes  mentioned  aliove. 
Periosteum  of  cranium  negative.  In  the  right  parietal  hone  a  circular  area  of  slight  hyper- 
ostosis resulting  from  a  cephalhematoma  at  hirth.  Corresponding  to  this  area  of  elevation, 
there  is  on  the  inner  surface  of  the  skull  cap  a  marked  pacchionian  depression  almost 
perforating  the  greatly  thinned  outer  table.  The  skull  cap  is  thin ;  dura  adherent  all 
over;  the  meningeal  grooves  and  pacchionian  depressions  unusually  marked  for  age  of 
cadaver;  the  lamina  vitrea  rough  and  dull  ;  the  dura  is  thickened  throughout.  The  arachnoid 
shows  numerous  focal  thickenings ;  the  subarachnoidal  fluid  is  markedly  increased  Cedema)  ; 
no  evidences  of  inflammation.  Central  loncjifndinal  sinus  is  negative.  The  basal  meninges 
are  slightly  thickened  and  unusually  tough. 

The  basal  vessels  are  negative. 

The  entire  leptomcninges  are  somewhat  thickened,  but  strip  easily. 

The  cerebral  convolutions  arc  rather  sharp,  but  show  no  focal  lesions.  The  ventricles 
are  somewhat  dilated ;  the  cerebrospinal  fluid  is  increased  greatly,  but  is  clear.  The 
ependyma  is  normal. 

The  ehorioid  plr.rus  is  markedl\-  congested  on  l>oth  sides.  The  pineal  gland  is  normal 
in  size  and  appearance.  On  section  the  cerehruni  shows  congestion  and  edema,  Xo  hemor- 
rhages found. 

The  ccrebelluni  shows  marked  congestion  and  edema.  Dentate  nuclei  are  norma!. 
No  lesions  in  cerebellar  lobes.    The  basal  ganglia,  internal  and  external  capsules  are  negative. 

The  pons  and  medulla  are  congested  and  edematous.     Xo  lesions  apparent. 

The  cervical  cord  shows  slight  congestion  and  edema.     Xo  lesions  seen. 

The  hypophysis  is  of  normal  size,  congested. 

Basal  sinuses  congested.    Base  of  skull  negative. 

Provtstonal  Gross  Pathologic  DiAGN-o?is.--".\rustard  gas"  burns  of  skin  and  upper 
respiratory  tract;  Q-angrene  and  secondary  infection  of  skin;  shock;  toxemia;  edema, 
congestion  and  earlv  hemorrhagic  bronchopneumonia.  Passive  congestion  of  all  organs. 
Splanchnic  congestion  marked.  Moderate  parenchymatous  degeneration  of  kidneys  and  liver 
(toxic)  ;  multiple  petechial  hemorriiages  ;  congestion  and  edema  of  brain  and  cord;  thymico- 
lymphatic  constitution. 

MICROSCOPIC    FIXPIXC.S 

Cerebrum. — Sections  taken  from  all  parts  of  the  cerebral  cortex,  basal  ganglia,  floor 
of  ventricles,  internal  capsule,  s'.imv  intense  congestion,  edema  and  a  few  minute  perivascular 
hemorrhages. 

Pons,  Medulla  and   Cerebellum. — Show  a  similar  congestion  and   edema. 

Meninges. — Old  thickenings.  Xo  active  process.  Marked  congestion  of  the  vessels 
and  edema.     In  the  larger  pial  veins  there  are  agonal  clots  rich  in  leucocytes. 

Hypophysis. — Intense  congestion,  otherwise  negative. 

Pineal  Gland. — Large  calcareous  concretion.  Gland  substance  smaller  in  amount  than 
normal.     Marked  edema. 

Spinal  Cord. — Edema.  Congestion.     Postmortem   myelinosis. 

Heart. — Subepicardial  fat  abundant.  A'essels  congested.  Xumerous  petechial  hem- 
orrhages throughout  the  fat.  Heart  muscle  fibers  somewhat  smaller  than  normal — an  acute 
simple  atrophy.  Stroma  somewhat  increased  around  the  coronaries  in  the  left  ventricle 
wall.  Endocardium  is  negative.  Heart  muscle  shows  very  slight  parenchymatous  degenera- 
tion. No  fat.  Mixed  agonal  clots  taken  from  the  heart  show  white  clot  with  very  few 
leucocytes  while  in  the   red   portions  of  the   clot  there  are   large  collections  of   leucoc>-tes. 

Aorta. — Stripes  of  marked   fatty  degeneration  in  the  intima.     These  are  longitudinal 
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and  stain  i^atluM'  lirownisli  rrd  with  sudan  ill  and  aNo  a  lirownisli  iH'd  witli  scliarlatdi  R. 
Osinic   acid   not    sncccssful. 

(For  respiratory  tract  and  neck  organs,  see  preceding  urticlc.) 

Thyroid. — Vessels  congested.     Otherwise  negative. 

Ccn'ii'o!  Lyiiit'h  .Kodcs. — Show  marked  sinus  catarrli  witli  nnmcrous  licniojiliaucs  in 
tlic  sinuses.  Tlie  ccrz'ical  h':)noly)iij^li  tunics  show  marked  con.ncstion  and  hemol\sis,  man_\' 
hcmophagos  in  the  sinuses. 

Thymus. — Remains  of  tiiymus  scattered  tlirougiiout  the  tlismie  fat  with  kirge  corpuscles 
of  Hassall.  many  of  which  are  calcified. 

SMt'cn. — Marked  acute  passive  congestion.  Small  hemorrhages  scattered  throughout 
the  pul]).  Acute  lyinphoid  exhaustion.  Follicles  very  small  with  central  exhaustion  and 
degeneration.  No  degeneration  of  the  central  portion  of  the  follicles  seen  as  in  hums  of 
the  skin.     No  tlu-omhi,  no  emlioli  or  infarcts. 

Adrenals. — Slight  cloudy  swelling  of  the  cortex.  No  increase  in  fat  content.  Con- 
gestion.    Edema.     Chromaffinic   suhstance  small  in   amount. 

Kidneys. — Intense  congestion.  Cloudy  swelling,  particularly  of  the  convoluted  tu'lmics. 
Numerous  small  precipitates  of  phosi)hatcs  in  the  straight  tuliules  of  the  cortex  (concen- 
trated urine).  Mtarkcd  edema  of  the  connective  tissue  around  the  larger  vessels  and  of 
the  medullary  portion.     Very  few  cast^.     Frozen  sections  show  no  fat. 

Bladder. — Congestion   and   edema.     Otherwise  negative. 

Prostate. — Congestion.  Gland  spaces  filled  with  secretion  and  desquamated  epithelium. 
No  pathologic  changes.     The  prostatic  plexus  contains  an  organizing  thrombus. 

Seminal  Vesicles. — Negative.  The  one  apparently  hyaline,  shows  only  collapse  of  the 
wall ;  empty  but  no  fibrosis. 

Posterior  Urethra. — Negative. 

Testes. — \'ery  little  normal  spermatogenesis.  Many  atypical  division  figures  and 
desquamation  of  spermatids.  Stroma  is  increased  throughout,  basement  membrane  thick- 
ened.    Appearances  suggest  an  old  mumps  orchitis.     Intense  congestion  of  the  vessels. 

Bpididynies. — Negative. 

Penis. — Foreskin  edematous.  Vessels  congested,  with  areas  of  complete  necrosis  of 
the  epithelium  and  of  the  subepithelial  tissues.  Where  the  epidermis  is  intact  the  horny 
layer  is  thickened  and  the  epithelium  'beneath  shows  evidences  of  regeneration.  The  glans 
shows  likewise  areas  of  necrotic  epithelium,  with  areas  of  regeneration  and  other  patches  in 
w^hich  the  horny  layer  is  greatly  thickened  and  adherent.  The  meatus  shows  a  slight  in- 
flammation. The  body  of  the  penis  shows  areas  of  regenerating  epithelium  covered  w'ith 
a  dense  desquamated  horny  layer.  Large  areas  of  the  surface  are  denuded,  the  epithelium 
necrotic,  the  necrosis  extending  into  the  subepithelial  tissues.  Marked  congestion  and  edema 
throughout  the  organ  and  a  mild  diffuse  inflammation. 

Liz'cr. — Acute  passive  congestion.  Slight  cloudy  swelling.  Fat  stains  show  no  fatty 
degeneration  but  a  few  scattered  cells  containing  large  droplets  of  fat. 

Pancreas. — Congestion.  Early  postmortem  softening.  No  other  pathologic  changes. 
Islands  numerous,  many  of  them  very  large. 

Stomach. — Postmortem  digestion  of  upper  part  of  mucosa.     Congestion.     Hemorrhages. 

Duodenum. — ^Postmortem  necrosis  of  mucosa.  Marked  mucoid  change  in  glands  of 
Brunner. 

Small  Intestine. — ^Postmortem  desquamation  of  epithelium.  Congestion.  Edema. 
Slight  catarrh. 

Coloti. — Similar  changes. 

Appendix. — Evidences  of  old  inflam.mation.     No  active  process. 

Mesenteric  Glands. — Lymphoid  hyperplasia,  with  exhaustion  of  the  germ  centers. 
Marked  sinus  catarrh.     Many  hemophages. 

Retroperitoneal  Hemolymph  Nodes. — Marked  congestion  of  sinuses.  Great  numbers 
of  hemophages. 

Skin. — The  skin  taken  from  \arious  portions  of  the  body  shows  complete  necrosis 
of  the  epidermis  and  greater  part  of  the  corium  reaching  as  far  as  the  sweat  glands  over 
the  greater  part  of  the  surface,  but  in  many  instances  reaching  the  subcutaneous  tissues. 
Many  colonies  of  bacteria  are  found  upon  the  necrotic  corium  but  there  is  very  little 
leucocytic  infiltration  in  the  necrotic  corium  or  at  the  border  between  the  living  and  dead 
tissues.  Only  in  scattered  areas  where  there  is  evidently  a  localized  secondary  infection  are 
there  any  notable  collections  of  polynuclears.  The  vessels  in  the  lower  portion  of  the 
coriuni  show  intense  congestion,  stasis.  In  the  lymphatics  there  is  a  heavy  albuminous 
precipitate  with  coarse  fibrin  threads.     The  lower  border  of  the  corium  and  upper  portion 
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(if  llir  stilniil.iiH'oiis  f;it  sli(pu>  iisiialls  ;i  well-marked  edema.  No  old  tliromhi  are  found  and 
very  few  lieinoriliaKt"-^,  'hiIn  lure  and  there  have  a  few  red  l)lood  cells  c-cajK-d  from  the 
vessels.  More  recent  clots  with  li(a\y  threads  of  fibrin  are  found  in  many  of  tlie  distended 
vessels.  In  these  clots  many  liemoly/.ed  red  blood  cells  are  seen.  Some  hyaline  clots  are 
fonnd  in  the  areas  of  marked  necrt)sis  and  secondary  infection,  but  these  may  be  secondary 
to  the  latter  process.  I'"iIirol.lastic  proliferation  ha>  IiCKiin  at  the  lower  border  of  the  necrotic 
coriiim  and  is  i)articularly  marked  around  many  of  the  blood  vessels  and  sweat  glands.  Re- 
generation of  ei)ithelium  from  the  hair  follicles  and  sweat  glands  has  begun  in  many  areas 
and  in  some  instances  extends  to  the  surface.  Separation  of  the  eschar  has  begun  in  some 
areas.  Every  degree  of  change  is  shown  from  areas  where  the  necrotic  epithelium  is  still 
adherent,  to  those  areas  where  the  slough  is  beginning  to  separate,  and  to  areas  of  begin- 
ning regeneration.  .\  striking  feature  of  the  process  is  that  the  sebaceous  glands  are  every- 
where completely  necrosed,  but  islands  of  regenerating  squamous  epithelium  mark  the  site 
of  these  glands.  The  sweat  glands  also  .s'how  marked  degeneration,  the  majority  of  the  acini 
being  necrotic  or  hydropic.  Regeneration  of  epithelium  occurs  almost  entirely  from  the 
hair  follicles  and  ducts  of  the  sweat  glands.  .Around  the  nipple,  in  the  a.xillary  region  and 
over  the  scrotum  the  necrosis  is  deeper  and  more  marked  and  the  large  sweat  glands  of  the 
axilla  show  marked  degeneration.  In  the  scrotum  the  necrosis  extend.s'  deep  into  the  dartos 
involving  the  superficial  bundles  of  involuntary  muscle.  In  the  scrotum,  alsf),  regeneration 
of  epithelium  proceeds  from  the  hair  follicles. 

Final  Pathologic  Diagnosis.— Mustard  gas  burns  of  skin  and  upper  respiratory- 
tract.  Necrosis,  secondary  infection  and  gangrene  of  skin.  .Acute  necrotic  pharyngitis. 
Acute  catarrhal  laryngitis,  tracheitis  and  bronchitis.  Congestion  and  edema  of  lungs. 
Multiple  hemorrhagic  infarctions  of  lungs.  Acute  passive  congestion  of  all  organs.  Mul- 
tiple petechial  hemorrhages.  Marked  fatty  degeneration  of  intima  of  aorta.  Parenchym- 
atous degeneration  of  kidneys  and  liver.  Splanchnic  congestion.  Shock.  Toxemia.  Sec- 
ondary anemia.  Hypoplasia  of  heart  and  aorta.  Thymicolymphatic  constitution.  Hyper- 
plasia of  hemol\Tnph  nodes  with  excessive  hemolysis.  Organizing  thrombus  in  prostatic 
plexus.     Old  orchitis   fmumps?). 

SUMMARY    OF    CASE 

The  pathological  findings  in  this  autopsy  case  give  no  evidence  of  a  sys- 
temic action  of  dichlorethylsulphide.  All  of  the  changes  seen  can  be  explained 
as  due  to  the  direct  local  action  of  the  mustard  gas  vapor,  or  as  secondary  to 
the  shock  and  secondary  infection  of  the  lesions. 


III.  GENERAL   PATHOLOGY   RESULTING  FROAI    SUBCUTANEOUS 
AND  INTRAVENOUS   INJECTIONS  OF   DICHL0RI-:THVLSULPHIDE 

Series  of  animals,  rabbits  and  dogs,  were  given  \arying  amounts  of 
dichlorethylsulphide  by  subcutaneous  and  intravenous  injection.  Two  samples 
of  very  inu'c  dichlorethylsulphide  were  used,  one  furnished  by  Major  Closes 
Gomberg,  and  the  other  b>-  the  Chemical  ^^'arfare  Service.  For  the  subcuta- 
neous injections  in  rabbits,  a  site  on  the  right  side  of  the  back  was  constantly 
employed.  The  hair  was  clipped  or  shaved  over  an  area  six  centimeters  in 
diameter  and  the  liciuid  dichlorethylsulphide  was  injected  into  the  subcutaneous 
fascia  above  the  spinal  muscles.  In  dogs,  also,  the  injection  was  made  beneath 
the  skin  of  the  back.  For  the  intravenous  injections  in  rabbits,  the  superficial 
femoral  and  jugular  veins  were  used.  The  pure  substance  was  used,  instead  of 
oily  solutions,  because  of  the  great  danger  of  fatty  embolism  with  the  latter. 
In  most  cases,  the  animals  were  allowed  to  die.  but  some  were  killed  in  order 
to  avoid  ])ostm()rtem  change  in  the  tissues.  In  all  cases,  autopsies  were  done, 
the  tissues  were  fixed  in  forniol.  and  sections  of  all  organs  were  stained  in 
hematcixvlin  and  cosin.  and  other  routine  stains. 
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]■  (a)    SUBCUTANKOUS  INJI'CTION   OF  DICIILORKTII YLSULIMIIDK 

The  following  condensed  protocols  are  selected  as  representative  of  the 
reactions  following  injection  of  varying  amounts  of  dichlorethylsulphide.  Rec- 
tal temperatures,  daily  weights  and  character  of  feces  are  given,  and  these, 
taken  together,  serve  to  indicate  the  severity  of  the  reaction. 

Rabbit  55. — Subcutaneous  injection  of  .015  c.c.  of  dichlorethylsulphide. 
Very  slight  general  reaction,  with  apparently  complete  recovery,  except  for  the 
local  lesion,  twenty-six  days  after  injection. 


DATE 


TEMPERATURE 
DEGREES 


WEIGHT 
IX    GM. 


XOTES 


Dec.  16 
•'  17 
"  18 
"  19 
"  20 
'•  21 
"  22 
"  23 
"  24 
"  25 
"  26 
"  27 
"  28 
''  29 
^'  30 
"  31 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Jan. 


102.3^ 

102.5 
102.7 
102.6 
103.1 
102.6 
102.6 
103.2 
103.5 
102.6 
102.6 
103.0 
103.3 
104.1 
103.4 
103.1 
102.8 
103.3 
103.0 
102.6 
103.3 
102.8 
103.0 
103.4 
103.5 
102.2 
102.8 


1870 
1750 
1740 
1870 
1880 
1930 
1950 
2010 
1970 
2010 
2060 
2100 
2200 
2090 
2200 
2130 
2120 
2070 
2140 
2150 
2130 
2090 
2090 
2090 
2150 
2300 
2190 


.015   c.c.   dichlorethylsulphide   siihcutancous'.y. 
No  diarrhea. 


Slight  diarrhea. 
No  diarrhea. 


No  diarrhea.  Lesion  is  now  nearly  healed. 
There  is  a  hairless  area  about  1  cm.  in  diameter, 
which  is  covered  with  a  shiny  smooth  cicatri.x 
except  for  a  small  area  in  its  central  portion. 


Rabbit  48. — Subcutaneous  injection  of  .03  c.c.  of  dichlorethylsulphide. 
Slight  general  reaction.  Living,  thirty-seven  days  after  injection,  with  appar- 
ent complete  recovery,  except  for  the  local  lesion. 


DATE 


TEMPERATURE 
DECREES 


WEIGHT 
IX    GM. 


XOTES 


Dec.     5 


101.6= 


2100 


6 

102.6 

2020 

7 

102  0 

2050 

8 

103.0   • 

2060 

9 

101.0 

1990 

10 

101.8 

1940 

11 

103.6 

1950 

12 

102.4 

1990 

13 

103.6 

1900 

14 

104.4 

1870 

.03   c.c.   dichlorethylsulphide   subcutaneously. 

signs  of  local  irritation. 
No    diarrhea.      Animal    \cr\    thirst\. 


Slight  diarrhea. 
No  evidence  of  diarrliea. 
Perianal   hair  somewhat   soiled. 
No   diarrhea. 


No 
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u.vri".  TKMrr.RATLRi;      wkight  notks 

hkcrkks  IN'  ONf.  (Cont'd  from  p.  274.) 

llel-TH  103.9  2000  Xo  diarrhea. 

"      Ih  IOj.J  2030 

"      17  102.7  1930 

"      18  102.6  1830 

"      19  101.6  1810 

'•     20  102.6  2040 

*'     21  103.6  2000 

"     22  102.2  2080 

*'     23  102.1  2110 

'•     24  102.7  2090 

•■     25  103.3  2000 

"     26  101.6  2060 

"     27  102.0  2070 

"     28  102.3  2150 

"     29  103.5  2110 

"     30  103.7  2140 

"     31  103.6  2170 

Ian.     1  103.1  2020 

2  102.9  2030 

"       3  102.8  2250 

"       4  103.5  2170 

5  103.2  2060 

6  103.4  2020 

7  103.2  1990 
"       8  102.1  2020 

9  102.6  2060 

"      10  102.8  2240 

"      11  102.6  2100  Xo   diarrhea.      The   local   lesion   is   not   yet   com- 

pletely healed.  There  is  an  indurated  area  about  1  by  1.5  cm.  over  which  there  is  an  in- 
complete regeneration  of  epithelium.     This  area  is  firmly  adherent  to  the  underlying  tissue. 

Rabbit   47. — Subcutaneous     injection   of    .03    c.c.    of   dichlorethylsulphide. 
Moderately  severe  reaction.     Death  on  the  twelfth  day. 

TIME  TEMPERATURE     WEIGHT  NOTES 

DEGREES  IN"   CM. 

Dec.     5  102.5°  1520  .03   c.c.   dichlorethylsulphide   subcutaneously.      Xo 

evidence  of  local  reaction. 

irea  at  site  of  iniection 


6 

102.8 

1430 

Xo  diarrhea. 

/ 

102.1 

1490 

X'o  diarrhea.     Edematc 
measures  2  bv  6  cm. 

8 

101.8 

1460 

Xo  diarrhea. 

9. 

9:30 

A.N[. 

97.6 

1380 

" 

9, 

10:30 

P..\[. 

97.0 

Hair  soiled  about  anus 
thermometer. 

10, 

9:30 

A.M. 

98.6 

1250 

Diarrhea. 

10. 

5:00 

P..M. 

96.0 

'• 

11. 

9:00 

A.M. 

99.0 

1120 

" 

11, 

5:00 

P.M. 

96.7 

" 

12. 

9:30 

A.M. 

99.8 

1155 

" 

12. 

4:30 

P.M. 

100.2 

Hair  soiled,  but  feces 

13 

101.6 

1100 

X'o  diarrhea. 

14 

101.5 

1060 

" 

15 

100.8 

1060 

" 

16 

101.7 

1070 

" 

17 

97.2 

995 

Appears  much  sicker. 
diarrhea  noted. 

17. 

1  :00 

P.M. 

Died. 

and  soft  fecal  material  on 


Perianal  hair  soiled,  but  no 


J7() 


TlIK    JOl'KNAI.    Ol'    1..M!()K.\T()K^■    AND    CI.IXU'AI,     M  I'DIC  1 XR 


AUTOPSY 

Autopsy  at  1:45  P.M.  I^k1\  uanii.  X'n  rigor.  I'lcitraJ  cavilics  and  pleura"  negative. 
Heart  contracted.  The  right  auricle  still  imlsates  when  stimulated.  Tlie  luiujs  show  a 
moderate  congestion  with  hypostatic  areas  posteriorly  in  the  lower  lobes.  The  liver  is  con- 
gested, otherwise  negative.  The  gall  bladder  is  not  distended.  The  spleen  shows  a  moder- 
ate congestion,  likew-ise  the  kidney^,  in  which  there  are  also  some  edema  and  slight  cloudy 
swelling.  The  stomach  is  nearly  empty  and  the  mucosa  shows  no  changes.  The  upper  small 
intestines  are  slightly  edematous,  i-drmed  stools  are  found  in  the  colon.  Xo  evidence  of 
diarrhea.  At  the  root  of  the  nK'-~cntcry  there  is  a  lolnilatcd  mass  of  edematous  liyperplastic 
lymph  nodes. 

AIiCROSCOPic  l'"i.\iii  xc.s. — l.unc/s.  Sliglit  congestion.  No  edema.  Heart.  Negative. 
Spleen.  Congestion.  In  the  sinuses  are  great  num'bers  of  pigmented  hemophages,  the  pig- 
ment varying  in  color  from  brown  to  almost  black.  Hemosiderosis.  Kidneys.  Moderate 
congestion.  Very  slight  cloudy  swelling.  Practicallj'  negative.  Adrenals.  Negative.  Stom- 
ach. Negative.  Small  Intestine.  Congestion  and  edema  of  mucous  membrane  with  ne- 
crosis of  the  superficial  epithelium  of  the  tops  of  the  folds  and  villi.  Glands  of  Lieberkiihn 
show  excessive  mucus  formation  and  individual  glands  show  necrosis.  Minute  erosions 
occur  along  the  mucosa.  The  lii'er  shows  marked  passive  congestion,  a  nutmeg  liver  with 
acute  central  necrosis  in  many  lobules.  The  bile  ducts  show  an  unusual  mucous  degeneration 
of  the  epithelium  with  edema  of  the  surrounding  connective  tissue.  There  is  a  complete 
necrosis  of  the  epithelium  of  the  gall  bladder  and  of  its  basement  membrane.  The  neigh- 
boring liver  tissue  also  shows  a  zone  of  necrosis  as  from  the  diffusion  of  some  necrosing 
substance  from  the  gall  bladder.  At  the  site  of  injection  there  is  a  large  area  of  necrosis 
extending  through  the  striped  muscle  into  the  fascia.  About  this,  there  is  a  zone  of  fibro- 
blastic proliferation  and  leucocyte  infiltration.  The  striped  muscle  in  the  neighborhood 
shows  a  marked  Zenker's  necrosis. 

Rabbit  50. — Subcutaneous  injection  of  .06  c.c.  of  dichlorethylsulphide. 
Moderately  severe  reaction.  Apparent  recovery,  except  for  local  lesion.  An- 
imal killed  on  the  32nd  dav  after  iniection. 


TEMPERATURE     WEIGHT 
DEGREES  IN   GM. 


NOTES 


Dec.  6 

101.7° 

2020 

"   7 

101.8 

2000 

"   8 

101.6 

2130 

9 

100.0 

2060 

"   10, 

9:30 

A.M. 

100.9 

1990 

"   10, 

5:00 

P.M. 

98.6 

"   11, 

9:00 

A.M. 

100.0 

1920 

"   11, 

5:00 

P.M. 

98.6 

"   12, 

9:30 

A.M. 

99.6 

1840 

"   12, 

4:30 

P.M. 

101.7 

"  13 

102.6 

1790 

"  14 

102.6 

1840 

"  15 

102.4 

1820 

"  16 

102.7 

1840 

"   17 

101.8 

1710 

"  18 

102  0 

1650 

"  19 

102.3 

1640 

"  20 

102.2 

1740 

"  21 

103.0 

1710 

"  22 

101.8 

1660 

"  23 

102.9 

16S0 

"  24 

103.0 

1650 

"  25 

103.2 

1680 

"  26 

102.6 

1740 

"  27 

104.0 

1780 

"  28 

102.7 

1800 

.06   c.c.   dichlorethylsulphide   subcutaneously. 
Xo  diarrhrea.     Very  thirsty. 
Xo  diarrhea. 


Perianal   hair   somewhat   soiled. 

Diarrhea. 

Marked  foul  diarrhea. 

Diarrhea. 

Perianal  hair   still  soiled. 

Stool  slightly  soft. 

Perianal  region  still  somewhat  soiled. 
X"o  diarrhea. 


Xo  diarrhea.     Quite  weak. 

Xo  diarrhea.     Weak  and  appears  very  sick. 
Xo  diarrhea.     Appears  stronger. 


MUSTAKI)    CAS    l'()IS()M.\r, 


TIME  TKMl'KKATURK  WKIGIIT  NOTES 

DiX.RKKS        IX  CM.  (Cont'd  from  p.  276.) 

Dec.  29  102.9  ISlT)            No  diarrhea. 

"      30  103.9  1910 

■•     31  103.6  1950 

.Ian.      1  103.6  1900 

2  103.4  1870 

3  102.9  1910 

4  103.2  2030 

5  102.9  1940 

6  102.7  1930 

7  102.9  1970  Xo     diarrlica.      Tlic    local    lesion    now    measures 

15  by  30  mm.     It  is  dry,  nonpurulent  and  .'ihows 
slowly   progressing  healing. 

"        7,  2:30  P.M.                                            Animal  killed.     .Autopsy  at  once. 

AUTOPSY 

I'lrufcc.  pleural  cavities,  heart  ;ind  lungs  are  negative.  The  stomach  is  distended 
with  food ;  its  mucosa  appears  negative.  The  gall  bladder  is  small ;  the  bile,  pale.  Liver. 
Congestion.  Spleen.  Congestion.  Kidneys.  Slight  cloudy  swelling  and  congestion.  The 
upper  small  intestines  contain  a  small  quantity  of  thin  fluid  material.  There  are  no  formed 
stools  in  the  colon,  but  no  evidence  of  diarrhea.  The  intestinal  mucosa  shows  no  lesions 
to  the  naked  eye. 

.\riCRoscopic  FixDi.VGS. — Heart.  Negative.  Lungs.  Congestion  without  edema. 
Small  patches  of  bronchopneumonia.  Spleen.  Marked  congestion  with  a  fairly  large 
number  of  pigmented  phagocytes.  Kidneys  and  adrenals.  Negative.  Stomach.  Negative. 
Mucosa  well  preserved.  Liver.  Congestion.  Slight  cloudy  swelling.  Bile  ducts  nega- 
tive. Gall  bladder.  Epitheliimi  well  preserved.  No  necrosis.  Intestine.  Marked  catar- 
rhal enteritis.  Epithelium  well  preserved.  No  desquamation.  Lumen  nearly  empty.  Pan- 
creas.    Congestion.        Mesenteric  lymph    )iodes.     Extreme   edema. 

Rabbit  63. — Subcutaneou.s  injection  (if  .06  c.c.  of  diclilorethylsulphide. 
Severe  reaction.     Animal  killed  on  the  fifteenth  dav. 


D.\TE  TEMPERATURE         WEIGHT  NOTES 

DEGREES  IN   GM. 

Dec.  23  105.0^  2810  .06  c.c.  dichlorethylsulphide  in  deep   subcutaneous 

and  intramuscular  injection. 

2770.  No  diarrhea. 

2580 

2610  Slight  diarrhea. 

2580  Diarrhea. 

2500 

2450  Marked  diarrhea. 

2260 

2120 
Jan.     1  101.8  2130  Diarrhea. 

2050  Stools  formed  but  moist.     Marked  edema  of  right 

half  of  abdominal  wall. 

2060  No  diarrhea. 

2100 

1950 

1920 

1840 

Killed.     Autopsy  at  once. 


24 

103.6 

25 

103.0 

26 

102.0 

27 

102.1 

28 

99.7 

29 

98.5 

30 

100.9 

31 

101.6 

1 

101.8 

2 

103.0 

3 

102.9 

4 

103.4 

5 

103.1 

6 

102.0 

7 

100.5 

7.1 

:30  p.m. 

27^  TIIK     lorKXAl,    OK    I, AI'.OKATOKV    AM)    t'l.IXU'Al.    MKDICIN'E 

AUTOPSY 

Pleural  itriitii's,  f^lcurcc,  luuirl  and  hiiii/s  negative,  except  fm-  numerous  firm,  slightly 
caseous  areas  at  root  of  riylit  lunu,  i)riil)ably  an  old  tuberculosis.  Peritoneal  eavity  con- 
tains about  50  c.c.  of  clear  fluid.  Liver.  Congestion.  Gall  bladder.  Moderately  distended 
with  thin  bile.  Sloiuaeh.  Moderately  filled.  No  visible  lesions  of  the  mucosa.  Intestines. 
Peristalsis  very  active.  Thin  mucoid  fluid  in  upper  small  intestine.  In  the  cecal  pouch 
there  is  much  thick  grucl-Iikc  fecal  material  with  denser  oval  masses  adherent  to  the  mu- 
cosa. Formed  stools  in  colon.  Kidneys.  Congestion  and  slight  cloudy  swelling.  Adre- 
nals.    Congestion.     Mescnterie  nodes.     Somewhat  hyperplastic. 

Microscopic  Findings. — Heart.  Negative.  Lungs.  Pulmonary  abscesses.  Conges- 
tion. Sl^leen.  Marked  congestion.  No  pigmented  phagocytes.  Kidneys.  Congestion, 
otherwise  negative.  Adrenals.  Excess  of  fat.  Marked  lipoidosis  of  fascicular  and  retic- 
ular zones.  Stornaelt.  Negative.  Intestines.  Epithelium  well  preserved  for  the  greater 
part.  No  mucoid  degeneration  except  in  one  portion,  where  the  mucous  glands  are  dis- 
tended and  filled  with  hyaline  cast-like  masses.  Many  of  the  glands  are  shallow  mucous 
cyst.s.  Liver.  Cells  small,  simple  atrophy.  Call  hladdc  r.  Epithelium  perfectly  preserved. 
No  necrosis.  Papillse  less  marked  than  r.ormal.  Submucosa  edematous.  Site  of  injec- 
tion.    Large  area  of   necrotic   nniscle.      Dcjiosit  of  lime   salts.     Bacterial   infection. 

Rabbit  65. — v'^ubcutaneous  injeclioii  of  .12  c.c.  of  dichloretliylsulphide. 
Very  severe  reaction.     Death  on  the  fifth  day. 

TIME  TEMPERATL'RI-;  WEIGHT  NOTES 

DEGREES  IN    GM. 

.12  c.c.  dichlorethylsulphide   subcutaneously. 

No  diarrhea. 

Beginning  diarrhea. 

Diarrhea. 

Slight  diarrhea. 

Very  severe  diarrhea. 

Died  during  the  night  of  Dec.  28  to  29. 

AUTOPSY 

Body  cold.  Alarked  rigor.  Entire  posterior  portion  of  body  is  soaked  with  fluid 
feces.  At  the  site  of  injection  there  is  a  small  brownish  area.  On  incising  this  area,  the 
subcutaneous  fascia  is  found  to  be  a  bright  sulphur  yellow  in  color.  There  is  very  little 
local  edema.  Pleural  cavities  and  pleura;  are  negative.  The  heart  shows  a  slight  dilata- 
tion. There  is  a  moderate  congestion  of  the  lungs  most  marked  posteriorly.  The  peri- 
toneum is  negative  and  there  is  no  fluid  in  the  abdominal  cavity.  The  Vrver  is  firm, 
deeply  fissured,  and  shows  a  marked  congestion.  The  gall  bladder  is  nearly  empty,  col- 
lapsed, its  wall  wrinkled.  It  contains  but  a  few  drops  of  a  thin  yellowish  mucoid  fluid. 
The  stomach  is  moderately  distended.  The  stomach  mucosa  appears  negative.  The  spleen 
and  kidneys  show  congestion;  otherwise  they  are  negative.  Adrenals.  Negative.  The 
intestines  contain  only  fluid  fecal  material.  No  lesions  of  the  intestinal  tract  can  be  seen. 
All  splanchnic  veins  show  a  marked  congestion. 

Microscopic  Findings.— //ra/-^  Negative.  Large  white  clot  in  right  ventricle. 
Lungs.  Intense  congestion  and  edema.  Patches  of  atelectasis.  One  of  the  pulmonary 
arteries  contains  a  large  laminated  thrombus  or  embolus,  rich  in  leucocytes.  Spleen.  In- 
tense congestion.  In  the  sinuses  there  are  great  numbers  of  phagocytes  containing  hemo- 
siderin. Kidneys.  Congestion,  otherwise  negative.  Adrenals.  In  one  adrenal  there  is  an 
area  of  fibrosis.  Liver.  Intense  congestion.  Cloudy  swelling.  Cirrhosis.  Coccidiosis. 
Gall  bladder  is  completely  necrotic.  Necrotic  diffusion  zone  in  surrounding  liver  tissue. 
The  larger  bile  ducts  show  hyaline  swelling  of  their  columnar  epithelium.  Excessive 
mucus  formation.  Stomach.  Postmortem  change,  otherwise  negative,  except  at  the  py- 
loric end,  where  there  is  a  marked  mucoid  degeneration.  Intestine.  Extreme  catarrh.  All 
glands  show  extreme  mucous  degeneration.  Desquamation  of  the  epithelium.  Skin  lesion. 
Large  area  of  necrosis.     Hemorrhage.     Edema.     No  reaction. 

Rabbit  64. — Subcutaneous  injection  of  .12  c.c.  of  dichlorethylsulphide.  Se- 


»ec.  23 

104.3° 

2750 

"  24 

104.9 

2580 

"  25 

102.0 

2470 

"  2.6 

102.8 

2410 

"  27 

100.8 

2310 

"  28 

97.2 

2200 

)cc.  23 

103.7° 

2500 

"     24 

103.5 

2260 

"  25 

103.1 

2210 

"  26 

103.4 

2110 

"  27 

103.4 

2040 

"  28 

103.2 

1920 

"  29 

97.6 

1830 
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\  (Tc  rc;uMioii.     Mcnlli  mi  --ixlli  (l;i\.     The  <.l()<f  ]);irallcli'>iii  hctwccn  this  case  and 
till'  |ii  rrcdiiiL;  is  ikjIuu urlli}'. 


TKMPKRATURK        WKIGHT  NOTES  , 

DKCUKKS  IN   G.\r. 

.12  c.c.  dichlorethyisulphide  subcutaneously. 

Xo  diarrhea.     Some  erlema  f>{  abdominal   wall  on 

tlie   right    side. 
Xo  diarrhea.     Ivlema  continues. 

Moderate  diarrhea. 

Slight   diarrhea. 

Marked  diarriiea. 

Died  during  the  niglil  of   Dec.  29.  to  30. 

AUTOPSY 

Body  cold.  No  rigor.  Edema  of  abdominal  wall  has  diminished.  There  is  a  small 
red-brown  escliar  at  the  site  of  injection.  Heart.  Moderate  dilatation.  Fibrin  and  leuco- 
cyte clot  in  riglit  auricle.  Li'.iigs  are  somewhat  mottled,  particularly  in  upper  lobes,  prob- 
ably an  early  lobular  pneumonia.  Congestion.  Pcritonciiui.  Moist  shining.  Liver.  Con- 
gested. Gall  bladder.  Well  filled.  Bile,  thin  and  greenish  yellow  in  color.  Small  in- 
testines and  greater  part  of  colon  distended  witli  very  al)undant  yellowish  brown  fluid 
fecal  material.  Formed  stools  in  descending  colon.  Kidneys.  Moderate  congestion. 
Splanchnic  vessels  all  show  marked  congestion. 

Microscopic  Fixdings. — Heart.  Negative.  Large  white  clot  with  very  few  leuco- 
cytes. Lungs.  Purulent  bronchopneumonia.  Marked  congestion  and  edema.  There  is 
a  large  thrombus  of  a  pulmonary  vessel,  the  wall  of  wdiich  shows  necrosis.  Around  the 
vessel  there  is  a  zone  of  necrosis  which  shades  ofT  to  partial  necrosis,  as  though  due  to 
the  diffusion  of  a  necrosing  smbstance  from  the  vessel.  There  are  enormous  numbers  of 
staphylococci  throughout  the  lung.  Kidneys.  Congestion.  Numerous  casts  in  one.  Gall 
bladder.  Wall  completely  necrosed,  with  area  of  diffusion  necrosis  in  surrounding  liver 
tissue.  Liver.  Congestion.  Cloudy  swelling.  Small  areas  of  lime  salt  deposit  in  necrotic 
liver  cells.  Some  of  the  larger  bile  ducts  show  a  polynnclear  infiltration  around  the  colum- 
nar epithelium.  The  epithelium  itself  shows  a  slight  cloudy  swelling.  Adrenals.  In- 
creased lipoid  content  in  cortex.  Congestion  of  medulla.  Stomach.  Xegative.  Intestines. 
Alarked  desquamative  catarrji.  Xecrosis  of  upper  portion  of  mucosa.  Extreme  mucoid 
degeneration  of  tlic  glands.  Site  of  injection.  Enormous  area  of  necrosis  extending 
clear  through  the  skin  and  subcutaneous  tissues.  Hemorrhage.  Thrombosis.  Areas 
of  polynnclear  infiltration.     vSccondary  infection. 

Rabbit  67.— Subculaneous  injection  of  .18  c.c.  of  dichlorethyisulphide. 
Very  severe  reaction.  Severe  diarrhea  within  24  hours  and  death  during  the 
third  day. 


TlMK  TEMPKRATTKE     WEIGHT  NOTES 

DEGREES  I\    GM. 

Dec.   27,     3:30  p.  .M.     102.2"  1660  .18   c.c.   dichlorethvlsulphide   subcutaneouslv. 

"      28,  11:(:0  A.M.       98.2  1570  Marked   diarrhea.' 

Died  during  the  night  of  Dec.  28  to  29. 

AUTOPSY 

Body  cold.  Rigor  mortis  present.  Head  retracted.  Fur  about  the  anus  is  wet  with 
liquid  feces.  The  alulominal  wall  shows  a  marked  edema  which  extends  up  the  right 
tlank.  At  tiie  site  ot  injection  the  subcutaneous  tissues  show  but  very  little  edema  and 
no  surface  lesion  is  visible.  Upon  incising  this  iirea  the  fascia  is  found  to  be  yellow  in 
color.        Pleural   eaiities   and   pleura-   are    negative.      Heart.      Moderate    dilatation.      Blood 
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coagulated.  Lungs.  Marked  congestion.  I'critoiiciim.  Moist  sliining.  No  free  fluid  in 
peritoneal  cavity.  Lk'cr.  Congestion,  (iall  bladder.  Moderately  fdied  with  thin  bile. 
The  stomach  is  partly  distended.  Its  wall  is  somewhat  edematous  and  in  the  mucosa  sev- 
eral minute  erosions  are  visible.  .SHcrn  and  kidneys.  Congestion.  Adrenals.  Nega- 
tive. The  intestines  are  distended  with  gas  and  fluid  feces.  Marked  diarrhea,  v^planch- 
nic  congestion. 

Microscopic  I'invm^cs.— Heart':  Negative.  Lungs.  Congestion.  Some  edema.  Areas 
of  atelectasis.  Spleen.  Congestion  without  pigmentaition.  Kidneys,  adrenals  and  pan- 
creas. Negative.  Liver.  Congestion.  Slight  cloudy  swelling.  The  larger  bile  ducts 
show  desquamation  of  the  epithelium  and  some  of  them  are  completely  necrosed.  Gall 
bladder.  The  wall  is  completely  necrosed  and  there  is  some  necrosis  from  diffusion  into 
the  surrounding  liver  tissue.  .S'tnuuieli.  Negative.  Intestines.  Catarrhal  enteritis.  Marked 
mucoid  degeneration  throughout. 

Rabbit  66. — Subcutaneous  injection  of  .18  c.c.  of  dichlorethylsulphide. 
Sevei-e  diarrhea.     Marked  fall  in  temperature.     Death  on  the  eleventh  day. 


DATE  TEMPERATURE         WEIGHT  NOTES 

DEGREES  IN    GM. 


Dec.  27 

103.7° 

2550 

"  28 

102.0 

2350 

"  29 

101.6 

2320 

"  30 

101.0 

2260 

"  31 

99.6 

2200 

Jan.  1 

99.4 

2160 

2 

98.0 

2160 

"   3 

97.0 

2080 

"   4 

97.1 

1890 

"   5 

95.0 

1610 

.18  c.c.  of  dichlorethylsulphide  subcutaneously. 
No  diarrhea.     Marked  edema  of  abdominal  wall. 


No  diarrhea.     Edema  somewhat  less. 
Diarrhea. 
Marked  diarrhea. 

Marked   diarrhea.     Left  eye  sealed  with   exudate. 
(Terminal  secondary  infection.) 
94.0 1540  Marked   diarrhea.     Both   eyes   sealed   with   muco- 

purulent  exudate. 
Died  during  the  night   of  Jan.  6  to  7. 


AUTOPSY 

Body  still  warm.  No  rigor.  Both  eyes  sealed  with  exudate.  When  lids  are  sepa- 
rated, a  large  quantity  of  mucopurulent  exudate  escapes.  No  superficial  lesion  at  site 
of  injection  and  only  a  sHght  subcutaneous  induration  can  be  felt.  There  is  a  firm  mass, 
about  2.5  cm.  in  diameter,  in  the  a'bdominal  wall  at  the  site  of  the  marked  edema  noted 
while  the  animal  was  Hving.  On  incising  this  mass  it  is  found  to  be  somewhat  edematous 
still,  and  the  tissues  are  stained  a  bright  sulphur  yellow  color.  Lleart.  Right-sided  dilata- 
tion. Lungs.  Pale  pink  in  color.  ^Slight  congestion.  Liver.  Marked  congestion.  Gall 
bladder.  Distended.  Bile  highly  pigmented.  Stomach.  Nearly  empty;  its  contents  bile- 
stained  and  very  mucoid.  In  the  mucosa  there  are  numerous  small  erosions,  particularly 
in  the  fundus,  along  the  greater  curvature.  These  are  covered  with  an  abundant  mucus 
and  have  shreds  of  brownish  red  material,  probably  blood  clot,  streaking  the  mucus  over 
them.  Spleen.  Negative.  Kidneys.  Congestion  and  slight  cloudy  swelling.  The  intes- 
tines contain  gas  and  a  small  quantity  of  fluid  material.  There  are  no  formed  stools. 
Adrenals.     Congestion. 

Microscopic  Findings. — Heart.  Negative.  Lungs.  Moderate  congestion.  Emphy- 
sema. No  edema.  Kidneys.  One  kidney  shows  many  casts  in  the  medullary  tubules. 
Otherwise  negative.  Spleen.  Markedly  congested,  with  a  fairly  large  number  of  pig- 
mented phagocytes.  Liver.  Congestion  and  cloudy  swelling".  Stomach.  Extreme  mu- 
coid degeneration  of  the  epithelium  of  the  outer  portion  of  the  mucosa,  with  desquama- 
tion. Marked  cloudy  swelling  of  the  parietal  cells.  Small  postmortem  erosions.  Gall 
bladder.  Mucosa  fairly  well  preserved.  No  necrosis  of  wall  or  neighboring  liver  tissue. 
Liitestines.     Marked   mucoid  degeneration.     Extreme   catarrhal   enteritis. 
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k.MiiiiT    ^i*'.      Suliculaiu'ous    injection    of    .24    c.c.     of     (lichlorethylsulphide. 
Diarrhea.     Ocalli   williin  twt'Kc  hours. 


TI.MK  TIvMPKRATURK    WEIGHT  NOTES  ' 

IlKC.RKES         IN    CM. 

Dec.  30,     3:45  I'.m.     103.9"  1660  .24    c.c.    of    diclilorethylsulphide    siibcutaneously. 

Xo    evidence  of  local  irritation. 
Died  during  the  night  of  Dec.  30  to  31. 


AUTOPSY 

Body  cold.  i\ig()r  present.  Soft  formed  stools  matted  in  hair  alxnit  anus.  Xo  su- 
perficial lesion  at  site  of  injection,  only  a  slight  subcutaneous  edema.  Upon  incising  this 
area,  there  is  a  very  strong  odor  of  dichlorethylsulphide.  Heart.  Marked  dilatation. 
Lungs.  Congestion,  with  small  hemorrhages  beneath  the  pleura  of  the  diaphnigmatic  sur- 
faces of  the  lower  lobes.  Liver.  Congestion.  Stomach.  Moderately  distended.  Xo  le- 
sions of  mucosa  visible.  Spleen,  ki(1>icys  and  adrenals.  Congestion,  otherwise  negative. 
Intestines.  Distended  wit'h  gas  and  fluid  fecal  material.  No  formed  stools.  Marked 
splanchnic  congestion. 

Microscopic  Findings.— Hrar/.  Xegative.  Lungs.  Congestion.  Edema.  Small 
capillary  hemorrhages.  Adrenals.  X'egative.  Spleen.  Congestion.  X'o  pigmented  phago- 
cytes. Pancreas.  Xegative.  Kidneys.  Rather  marked  cloudy  swelling,  even  to  simple 
necrosis.  Call  bladder.  Complete  necrosis  of  wall,  necrosis  extending  into  liver  tissue 
for  some  distance.  Slight  cloudy  swelling  of  the  liver  cells.  Stoniaeh.  Xegative.  /«- 
testines.  Congestion,  otherwise  negative.  Site  of  injection.  Large  area  of  necrosis. 
Edema.     Xo  reaction. 

Rabbit  70. — Subcutaneous  injection  of  .30  c.c.  of  (lichlorethylsulphide. 
Diarrhea.     Death  within  twelve  hours. 


TIME  TEMPERATURE     WEIGHT  NOTES 

DKGREES  IN   CM. 

Dec.  30.     4:15  p.m.     104.0"  1810  .30   c.c.  of   dichlorethylsulphide   subcutaneously. 

X"o  evidence  of  local  irritation. 
Died  during  the  night  of  Dec.  30  to  31. 

AUTOPSY 

Body  cold.  Rigor  present.  Aluch  soft  fecal  material  about  the  anus.  Strong  odor 
of  dichlorethylsulphide  when  area  of  injection  is  excised.  Heart.  Marked  dilatation. 
Lungs.  Congestion,  otherwise  negative.  Liver,  spleen,  kidneys  and  adrenals.  Congestion. 
Gall  bladder.  Well  fdled.  Intestines.  The  upper  portion  of  the  small  intestine  is  filled 
with  yellowish  fluid  material.  Xo  formed  stools  in  lower  colon.  Marked  splanchnic  con- 
gestion. 

Microscopic  Findings. — Heart.  Hxpertrophy  and  dilatation.  Lungs.  Intense  con- 
gestion and  edema.  Spleen.  Congestion.  Very  few  pigmented  phagocytes.  Pancreas. 
Xegative.  Adrenals.  Congestion.  Kidneys.  Congestion  and  some  cloudy  swelling. 
Liver.  Congestitin  and  fatty  degeneration.  (7a//  bladder.  Xecrosed.  Diffusion  zone  of 
necrosis  in  the  surrounding  liver  tissue.  Intestines.  Epithelium  well  preserved.  Early 
stage  of  mucous  degeneration;  practically  every  cell  filled  with  mucus  and  the  majority  of 
them  intact.    Site  of  iujeelion.     Large  eschar  involving  all  tissues. 

Rabbit  72. — Subcutaneous  injection  of  .60  c.c.  of  dichlorethylsulphide. 
Death  on  the  second  dav. 
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TiMli  TEMPKRATURE     WEIGHT  NOTES 

DECREES  IN  GM. 

Dec.  31,     3:15  I'.m.     102.7°  3050  .GO    c.c.    of    fliehlorethylsulphide    subcutaneously. 

No  evidence  of  local  irritation.     Animal  eating 
in  five  minutes. 
4:00  P.M.  \  Sits    quietly.  Respiration    rate    appcar.s    somewhat 

accelerated. 
6:00  v.si.     102.5  Quiet.     No  diarrhea. 

7:30  P.M.     102.0  Quiet.       Heart    reguhir.       ]\i>i)iratii)n    (jnickened. 

Seems   to   be   about   to    roll    over   on    side,    but 
quickly  recovers  itself. 
8:30  P.M.     101.7  No  diarrhea. 

9:00  P.M.     101.8 

9:15  v.M.  No  diarrhea.     Hopping  about   and  eating. 

Jan.     1.   10:00  a.m.     101.1  .^010  No  diarrhea. 

11:00  a.m.     102.3  Soft  pasty   feces. 

2:30  P.M.     102.5  Diarrhea. 

Died  during  the  night  of  Jan.  1  to  2. 

AUTOPSY 

Body  still  somewhat  warm.  Perianal  hair  soiled.  Very  strong  odor  of  dichlorethyl- 
sulphide  at  site  of  injection.  Heart.  Right-sided  dilatation.  Lungs.  Congestion.  Liver, 
spleen,  kidneys  and  adrenals.  Congestion.  Otherwise  negative.  Stomach.  Moderately 
distended.  In  the  mucosa  there  are  several  small  erosions  with  brownish  red  bases.  In- 
testines. Much  fluid  material.  No  formed  stools  in  lower  colon.  Diarrhea.  Edema  of 
thoracic  and  abdominal  zvalls. 

Microscopic  Findings. — Brain.  Congestion.  Heart.  Negative.  Lungs.  Congestion 
without  edema.  Spleen.  Intense  congestion  without  pigmented  phagocytes.  Kidneys. 
Congestion.  Otherwise  negative.  Stomach.  Negative.  vSome  postmortem  change.  Small 
intestine.  Marked  postmortem  change,  with  the  picture  of  a  mucous  catarrh  involving  the 
greater  part  of  the  tract.  Liver.  Cirrhosis.  Coccidiosis.  Large  bile  ducts  dilated;  their 
epithelium  well  preserved.  The  small  bile  ducts  are  unchanged.  Slight  fatty  degeneration. 
Gall  bladder.  Nearly  complete  necrosis  of  wall.  Narrow  necrotic  zone  of  diffusion  into 
surrounding  liver  tissue. 

Rabbit  74. — Subcutaneotis  injection  of  .60  c.c.  of  dichlorethylsulphide, 
.15  c.c.  being  injected  in  each  of  four  widely  separated  areas  on  the  back. 
Rabbit  killed  when  dying,  four  hours  after  injection.  No  apparent  acceleration 
of  reaction  with  inci"eased  opportunity  for  absorption. 

TIME  temperature     weight  NOTES 

DEGREES  in    GM. 

Jan.      1,  11:45  a.m.     103.5"  1970  .15   c.c.    of    dichlorethylsulphide   injected    in    each 

of  four  areas.     No  evidence  of  local  irritation. 

2:15  P.M.  Lying    on    side.      Moves    legs    and    head    readily. 

Heart  strong  and  regular.  The  increased  ir- 
ritability, shown  by  reaction  to  sound  and  jar- 
ring of  table,  suggests  that  due  to  str}.-chnine. 

4:30  P.M.  Respirations     few    and    gasping.      Heart    beating 

vigorously.     Diarrhea. 

4:45  P.M.  Killed  by  chloroform.     Autopsy  at  once. 

AUTOPSY 

Head  somewhat  retracted.  Perianal  region  covered  with  soft  fecal  material.  Heart. 
Moderately  dilated.  Lungs.  Negative.  Liver.  Congestion.  Gall  bladder.  Nearly  empty. 
Negative.     The  stomach  is  moderately  distended.     The  mucosa  of  the  fundus,  particularly 
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al.iiiL;  tlu'  ;^ri-;itiT  inr\  .I'.iirc,  shows  a  laiKc  ruiinluT  of  small,  shallow  erosions  with  dark 
nd-lirown  l.ascs.  I nUsliiiiS.  Contain  hnich  lliiid  material.  Xo  formed  stf>ols  in  cf»lon. 
M  u  Knsropic  Findings. — Liver.  Marked  conj^'cstion.  Slight  cloudy  swelling.  The 
small  liilc  ducts  arc  api)arently  normal.  (/'(///  bladder.  Ivpitlielium  i)erfectly  preserved. 
No  rlian>,'cs  obscrvaldc.  Stonuuli.  Well  jircscrvcd.  I'ortions  examined  show  no  changes. 
Inlesliites.     Catarrhal  enteritis. 

Dor.  3. — White  liull  k-nicT,  \vci}.;lit  8  kilos.     Subcutaneous  injection  of  .24 

c.c.  of  dichlorcthylsuI|)lii(k'.     Severe  (liarrliea.      Death  in   four  days. 

.Xuff.  27. — .24  c.c.  of  (lirlil(ir(th\Isuli)liide  injected  suhcutancously  in  liack. 

.'\uj^.  28. — Appears   sick.      Is   much   less  active  and   coat  is   roughened. 

AuR.  29. — .Appears  very  sick.     No   diarrhea. 

Aug-.  30. — Very  severe  diarrhea.  StCK>ls  fluid  and  lnounisli  Mack  in  color,  resem- 
bling altered  blood.     The  animal  remains  quiet. 

Aug.  31. — 12:00  noon.  Lying  on  side.  l\es]iiration  slow  and  shallow.  Diarrhea 
persists. 

6:00  P.M.     Dog  died  during  the   afternoon.        Autopsy  at  7:00  p.m. 

AUTOPSY 

The  body  is  in  complete  rigor.  The  posterior  portion  is  soiled  with  fluid  fecal  ma- 
terial. At  the  site  of  injection  there  is  an  indurated  lamellar  area,  about  10  cm.  in  diam- 
eter, which  involves  both  skin  and  subcutaneous  fascia.  Pleural  cavities  and  pleurcr 
negative.  Heart.  Marked  right-sided  dilatation,  the  left  ventricle  being  in  rigor.  Small 
amount  of  very  dark  fluid  blood  in  the  chambers.  Lungs.  Free  throughout.  Air-con- 
taining. ^[iddlc  lobe  of  right  lung  congested.  No  pneumonia.  No  free  gas  or  fluid  in 
peritoneal  cavity.  Omentum  free.  The  subperitoneal  vessels  over  the  intestines  are  con- 
gested and  there  are  a  few  minute  subperitoneal  hemorrhages.  The  intestines  are  empty 
and  firmly  contracted.  The  duodenum  contains  a  bile-stained  fluid  and  the  mucosa  is 
bile  stained.  Throughout  the  small  intestine  the  mucosa  shows  a  marked  congestion  and 
there  are  small  hemorrhages  in  the  summits  of  some  of  the  folds.  The  Peyer's  patches 
are  hyperplastic.  In  the  colon  the  mucosa  is  much  congested  and  there  are  a  few  very 
minute  hemorrhages.  The  appendix  is  negative.  The  stomach  wall  is  contracted,  the 
rug^e  prominent.  The  miicosa  is  much  congested  and  there  are  a  few  pinpoint  hemor- 
rhages. The  kidneys  show  slight  cloudy  swelling.  The  adrenals  are  well  preserved  and 
negative.     The  bladder  is  contracted ;  its  mucosa,  negative. 

Microscopic  Findings. — The  heart  shows  dilatation  and  its  vessels  are  congested. 
Lun(/s.  Marked  edema.  Intense  congestion.  Small  hemorrhages.  Several  areas  of 
hemorrhagic  infarction,  with  embolic  blocking  of  the  vessels.  Spleen.  Congestion. 
Atrophy.  Kidneys.  Marked  congestion.  Slight  cloudy  swelling.  Pancreas.  Marked 
cloudy  swelling.  Liver.  Cloudy  swelling.  Alarked  congestion.  Marked  mucoid  degener- 
ation and  cloudy  swelling  of  the  epithelium  of  the  smaller  bile  ducts.  All  of  the  bile  ducts 
contain  a  violet-staining,  hyaline  substance  and  the  epithelium  is  higher  than  normal,  the 
cells  appearing  larger  and  swollen.  The  nuclei  appear  increased  in  number.  The  cyto- 
plasm stains  violet,  but  many  of  the  cells  are  vacuolated.  In  a  few  of  the  larger  bile 
ducts  there  are  small  areas  of  necrosis.  The  stomach  mucosa  is  intact.  There  is  marked 
congestion  and  some  increase  in  mucus  in  the  upper  portion  of  the  mucosa.  The  mucosa 
of  the  small  intestine  is  congested,  edeniatous,  and  infdtrated  with  leucoc\-tes.  The  epi- 
thelium of  the  glands  shows  syncUial  formations  of  regenerating  epithelium.  The  colum- 
nar form  of  the  cells  is  lost  and  there  is  no  mucus  formation  except  in  the  lower  small 
intestine,  where  there  are  many  mucous  cysts,  especially  in  the  deeper  portions  of  the  mu- 
cosa. The  fundi  of  the  glands  of  Lieberkiihn  are  dilated,  filled  with  string},-  mucin 
or  a  colloid  material.  The  epithelium  is  cuboidal,  or  flattened,  or  syncytial,  and  stains  a 
deep  violet  with  hematoxylin  and  eosin.  In  some  of  the  dilated  glands  of  Lieberkiihn 
the  epithelium  is  entirely  gone  and  the  lumen  is  filled  with  a  hyaline  cast.  The  epithelium 
of  the  upper  part  of  the  glands  and  of  the  surface  is  entirely  gone.  The  picture  is  that 
of  a  severe  degenerative  and  desquamative  catarrhal  enteritis  with  beginning  regeneration. 
The  lymph  follicles  are  hyperplastic  and  the  germ  centers  show  lymphoid  exhaustion. 
Mesenteric  nodes.  Marked  congestion.  Great  numbers  of  hemophages  filled  with  blood 
cells.  Adrenals.  Marked  congestion  of  medulla.  Site  of  injection.  A  large  eschar  with 
marked  edema.  In  the  vessels  there  are  large  thrombi.  The  borders  of  the  lesion  show 
an   abundant   polynuclear   infiltration    and   large   areas   of   hemorrhagic    extravasation. 
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(b)    SUBCLTTANKOUS   IXjlCCTlOX    OI'    IIVDROCIILOKIC    ACID    « 


» 


Since  it  has  hccMi  assumed  by  some  that  the  local  and  general  effects  of 
dichlorethylsulphide  are  due  to  the  action  of  the  hydrochloric  acid  produced 
by  its  hydrolytic  cleavage,  a  series  of  animals  was  given  varying  amounts  of 
hydrochloric  acid  b}-  subcutaneous  injection.  The  f(j]lo\ving  ])rol()Col  is  selected 
as  illustrative  of  this  group. 

Rabbit  76. — Subcutaneous  injection  of  .60  c.c.  of  hydrochloric  acid.  Both 
local  and  general  reactions  entirely  unlike  those  produced  by  dichlorethylsulphide. 


TIMK  TE.NU'KKATUKK     WKIC.HT  NOTES 

DEGREES         IN   GJI. 

Jan.     3,    9:45  a.m.     103.2°  1600  .60  c.c.  of  hydrochloric  acid  subcutaneously.    Very 

marked  evidence  of  local  irritation.  Marked 
contraction  of  superficial  and  deep  muscles. 
The  skin  "knots  up."  In  about  five  minutes, 
evidences  of  severe  pain  cease  and  the  animal 
is  eating. 

4  103.6  1710  Xo    diarrhea.      Very   extensive   lesion   at    site    of 

injection.  There  has  been  complete  destruction 
of  the  skin  and  subcutaneous  fascia  over  an  area 
4  by  5  cm.,  so  tliat  the  muscles  of  the  back  are 
fully  exposed. 

5  103.4  1600  Xo  diarrhea.     The  muscle  is  now  exposed   over 

an  area  5  by  7  cm.  There  is  a  constant  oozing 
of  blood  from  the  borders  of  the  deeply  exca- 
vated lesion. 

6  103.8             1490  Xo   diarrhea.      Still   some   bleeding    from   wound. 
6,    8:30  P.M. Killed   by  chloroform.     Autopsy  at  once. 

AUTOPSY 

Large  excavated  lesion,  measuring  5  by  7  cm.,  at  the  site  of  injection.  The  borders 
are  smooth.  The  base  consists  of  charred,  dry  fragmented  muscle  in  coarse  bundles  and 
masses.  There  is  no  purulent  exudate.  The  whole  lesion  is  nearly  black  in  color,  as 
though  charred,  and  is  very  foul  smelling,  with  the  odor  of  dry  gangrene.  Heart.  Still 
beating.  Xegative.  Lungs.  Bright  pink  in  color.  Moderate  congestion.  Liver.  Con- 
gested. Extensive  coccidiosis.  Spleen.  Xegative.  Stomach.  Contains  a  small  amount 
of  food  and  water,  and  much  swallowed  mucus.  There  are  no  visible  lesions  of  the  mu- 
cosa. The  intestines  are  nearly  empty  except  the  cecum  which  is  moderately  filled.  The 
scant  amount  of  fecal  matter  in  the  small  intestine  is  very  thin,  mucoid,  and  bile  stained. 
In  the  lower  colon  the  fecal  material  is  soft  and  but  slightly  formed.  There  is,  however, 
no  evidence  of  diarrhea  about  the  anus. 

Microscopic  Findings.— //cor/.  Xegative.  Lungs.  Congestion.  Xo  edema  and  no 
hemorrhages.  Liver.  Coccidiosis.  Xo  diffusion  necrosis  into  liver  tissue  around  the 
gall  bladder.  Gall  bladder.  Epithelium  well  preserved.  Xo  necrosis.  Xo  desquamation. 
Many  mucin  threads  in  lumen.  Stomach,  intestines,  kidneys  and  adroials.  All  negative. 
Tissue  from  site  of  injection.     Very  extensive  eschar   formation. 

(C)    SUBCUTANEOUS    INJECTION    OE    DIHYDROXYETIIYLSUEPIIIDE 

A  series  of  animals  was  given  varying  doses  of  dihydroxyethylsulphide 
(hydrolyzed  mustard  gas)  by  subcutaneous  injection,  in  order  to  ascertain 
whether  the  severe  general  effects  could  be  due  to  the  absorption  of  this  sub- 
stance from  the  site  of  injection.  The  following  condensed  protocols  are  selected 
from  this  series. 
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RAnniT. 80. — vSuhcutancous  inicrtion  of  .30  c.c.  of  diliydroxycthylsulphide. 

No  local  lesion, no  diarrlu-a  and  no  l(j>s  of  weij^ht. 


DATE  TEMPKRATURE        WEIGHT  NOTES  * 

DEGREES  IN    GM. 

Jan.    8  104.6"  2250  .20  c.c.  of  dihydroxyetliylsulphide  sulKutaneously. 

No  evidence  of  local  irritation,  and  animal  eats 
at  once  when  released. 
No   diarrhea.      Xo   local    lesion. 


9 

102.8 

2210 

10 

102.6 

2270 

11 

102.8 

2240 

12 

101.9 

2250 

13 

102.6 

2300 

14 

102.0 

2300 

15 

101.6 

2280 

17 

104.0 

2170 

18 

103.6 

2180 

Rabbit  81. — Subcutaneous  injection  of  .60  c.c.  of  dihydroxyethylsulphide. 
Xo  local  lesion.     Xo  diarrhea. 


TIME  TEMPERATURE    WEIGHT  NOTES 

DEGREES  IN   GM. 


Jan.     8,     9:25  p..m.     104.6°  2110  .60  c.c.  of  dihydroxyethylsulphide  subcutaneously. 

No  evidence  of  local  irritation,  and  animal  eats 
at  once  when  released. 
9,     8:30  A.M.     103.2  2100  No   diarrhea.     Very   slight   edema   at   site   of   in- 

jection. 
2:30  P.M.  No  diarrhea. 

2:45  P.M.  Killed   with  chloroform.     Autopsy  at  once. 

AUTOPSY 

There  is  a  slight  congestion  of  all  organs.  Stoiiuich  is  well  filled,  its  mucosa  grossly 
negative.  Intestines.  Apparently  negative.  Formed  feces  in  lower  colon.  No  evidence 
of  diarrhea.    The  bladder  contains  a  very  turbid  yellowish  white  urine.     No  other  changes. 

Microscopic  Findings. — Lung.  Slight  congestion.  No  edema.  Kidneys.  Negative. 
Slight  congestion.  Adrenals.  Negative.  Spleen.  Negative.  Lizcr.  Marked  fatty  change. 
Gall  bladder.  Epithelium  perfectly  preserved.  No  changes.  Small  Intestine.  Slight,  but 
w-ell  defined  catarrh.  Congestion  of  mucosa.  Excessive  mucus  formation.  Stomaeh.  Nega- 
tive. 

(d)   intravknous  ixjectiox  ok  diciiloretiiylsulphide 

The  following  condensed  protocols  are  selected  from  the  various  series  of 
intravenous  injections.  In  every  case  in  which  dichlorethylsulphide  was  given, 
it  was  injected  without  dilution.  Although  bland  oils  will  serve  as  suitable 
diluents  so  far  as  mutual  solubility  is  concerned,  the  certainty  of  producing 
some  degree  of  fatty  embolism,  with  resulting  confusion  in  the  pathologic  pic- 
ture, renders  this  method  inadvisable.  In  addition,  the  much  greater  solu- 
bility of  dichlorethylsulphide  in  the  oil  than  in  the  body  fluids  may  be  expected 
to  retard  its  action  and  delay  the  production  of  its  characteristic  symptomatology-. 

Rabbit  53. — Intravenous  injection  of  .06  c.c.  of  dichlorethylsulphide.  Gen- 
eral convulsions.  [Marked  reduction  of  temperature.  Prostration.  Death  in 
less  than  three  hours. 
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Dec.     9,     2:50  p.m.     101.5°  1570  .06    c.c.    of    dichlorcthylsulphide    given    intrave- 

nously in  superficial  femoral  vein.  Light  chloro- 
f(irm  anesthesia.  Animal  made  quick  recovery 
from  anesthesia,  soon  moving  about. 

3:50  P.M.       94.0  Animal     \ery     much     weaker.       Respiration    very 

nipid.  Easily  startled  by  sudden  movements  or 
une.Kpected  noises.  Slight  convulsive  move- 
ments.    No  general  convulsion. 

3:54  P.M.  First   general   convulsion,    consisting   of   irregular 

rapid  movements.  There  is  some  opisthotonos 
hut  the  head  is  drawn  chiefly  to  one  side. 

4:15  P.M.  Lies  on  side.  Occasional  convulsions. 

4:45  P.M.  Continues    to    lie    on    side.      Can    not   turn    over. 

Jerking  movements  of  forepaws,  head  and  neck. 
Salivation  and  lacrimation.  Pupils  dilated.  Res- 
piration slow  and  irregular. 

5:30  P.M.  Death.      Much    stringy    saliva   during    last    fifteen 

minutes. 

8:00  P.M.  Autopsy. 

AUTOPSY 

Bodj'  nearly  cold.  Rigor  mortis  marked.  Ahdomen  moderately  distended.  Xo 
diarrhea.  Pleural  cavities  and  pleura  negative.  Heart.  Moderately  dilated,  particularly 
on  the  right  side.  Dark  fluid  blood,  clotting  tardily.  Lungs.  Air-containing  throughout. 
Congestion  moderate,  except  positeriorly.  Spleen.  Negative.  Kidneys.  Slight  congestion. 
Adrenals.  Negative.  Liver.  Marked  congestion.  Lobules  large.  Central  zones  dark 
red,  outer  two-thirds  of  lo'bule,  grayish  red.  Gall  bladder.  Well  filled  with  a  pale  mucoid 
bile.  Stomach.  Distended  with  food.  Mucosa  shows  scattered  areas  of  postmortem 
change  along  greater  curvature.  Upper  small  intestine  contains  a  thin  yellowish  mucoid 
fluid.     Lower  small  intestine  is  well  filled  and  there  are  formed  stools  in  the  lower  colon. 

Microscopic  Findings. — Central  Nervous  System.  Congestion.  Heart.  Negative. 
Lungs.  Congestion.  Atelectasis.  No  edema.  No  hemorrhage.  Spleen.  Marked  con- 
gestion but  no  pigment.  Adrenals  and  pancreas.  Acute  congestion.  Stomach.  Slight 
cloudy  swelling  of  parietal  cells.  Congestion.  Intestines.  In  portion  examined  the  mu- 
cosa is  well  preserved.  Congestion  of  villi.  No  necrosis.  Liver.  Moderate  congestion. 
Slight  fatty  degeneration. 

Rabbit  51. — Accidental  intravenous  injection  of  dichlorethylsulphide  in 
the  course  of  a  dee])  subcutaneous  injection.  Total  injection  .12  c.c,  of  which 
probably  less  than  .06  c.c.  entered  a  small  subcutaneous  vein.  Convulsions. 
Diarrhea.     Death  in  four  hours. 

AUTOPSY 

Body  still  warm  but  rigor  mortis  is  present.  Soft  fecal  material  from  anus.  Pos- 
terior portion  of  body  is  much  soiled  with  feces.  Pleural  cavities  and  plcurce.  Negative. 
Heart.  Right-sided  dilatation.  Blood,  fluid,  clotting  slowly.  Lungs.  Free.  Slight  con- 
gestion. Air-containing  throughout.  Spleen.  Negative.  Kidjieys.  Aloderate  congestion. 
Adrenals.  Negative.  Liver.  Moderate  congestion.  Stomach.  Distended  with  food. 
The  first  portion  of  the  small  intestine  contains  a  very  abundant  slightly  yellow  fluid, 
which  is  somewhat  mucoid.  In  the  descending  colon  and  rectum  there  are  no  formed 
stools. 

Microscopic  Findings. — Heart.  Niegative.  Lungs.  Moderate  congestion.  No  edema. 
Small  patches  of  atelectasis.  Bronchioles  dilated.  No  hemorrhages.  Spleoi.  Moderate 
congestion  without  many  pigmented  cells,  although  there  are  a  few.  Kidneys.  Conges- 
tion. Intestine.  Mucosa  well  preserved.  Stovuich.  Negative.  Liver.  Congestion. 
Slight  cloudy  swelling. 
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(i;)     INTKAXI'.XorS    INJIXTION    Ol-     1 1  VI)I<(  JC  1 1  r.OklC    AtllJ 

J\Ar.i!ii  H'K      Intravenous  injection  of  .00  c.c.  of  liydroclilcjric  acifl.     Animal 
livinir  on  fourtli  dav.     Xo  dianlica.     Xo  t-vidcnct-  of  j^a-ncral  vractifju. 


TtMK  TEMPERATURE    WEIGHT  NOTES 

DEGREES         IN    GM. 


Kill.   \(>.  11:43  a.m.     103.0°  1520  .(X)   c.c.   ot    strong  hydrochloric    acid    (diluted    to 

1.20  c.c.  with  distilled  water)  in  jugular  vein. 

1  -.00  v.yu  Apparently  well, 

jail.    17  102.4  1710  .\o  diarrhea. 

'  "      18  103.4  1680 

"      20  104.6  1600  Xo  diarrhea.     Perfectly  well. 

"      20  Killed.     Autopsy  at  once. 


AUTOPSY 

Gross   findings   all   negative,    except   thrombosis   of   jugular   at   site   of   injection. 
Microscopic  Fixdixgs.— All  negative,  e.xcept  for  thrombophlebitis  at  site  of  injection. 

(F)    INTR.WEXOUS    IXJECTIOX    OF    DIHYDROXYETHYLSUI.PHIDE 

Rarp.iT  87.— Intravenous   injection   of    .30   c.c.    of   dihydroxyetliylsulphide. 
Animal  living  on  the  fifth  day.     Xo  diarrhea.     Xo  marked  loss  of  weight. 


TI.ME  TEMPERATURE    WEIGHT  NOTES 

DEGREES         IX   GM. 


Tan.  15,     4:00  p.m.  101.6°  2410  .30   c.c.    dihydroxyethylsulphide   into    jugular    vein. 

Light  chloroform  anesthesia. 

7:00  P.M.  .\nimal  eating.     Apparently  well. 

Tan.   16  103.9  2350  No  diarrhea. 

"  "     17  102.6  2320 

"      18  102.4  2320 

"      20  102.3  2350  Xo  diarrhea.     Perfectly  well. 

"     20  Killed.     Autopsy   at   once. 


Autopsy. — All  gross  findings  negative. 

Microscopic  Fixdixgs. — Xegative,  except  for  marked  fatty  liver. 

SUMMARY    OF   FXPERIMEXTAL   WORK 

Suhciifoiicous  Injections. — When  pure  dichlorethylsidphide  is  injected  sub- 
cutaneously  in  doses  of  from  .015  up  to  .60  c.c,  the  injections  are  apparently 
painless  and  the  animals  exhibit  no  signs  of  discomfort.  Even  with  the  larg- 
est doses  the  animals  resume  feeding  as  soon  as  released  and  give  no  evidence 
of  local  irritation.  .\t  varying  periods  of  time,  from  one  hour  to  several  days, 
depending  in  part  upon  the  size  of  dose,  and  in  part  upon  the  rate  of  absorp- 
tion, toxic  symptoms  appear,  usually  in  the  foi-m  of  salivation,  diarrhea  and 
tnarked  depression  of  temperature.  At  first  the  respirations  are  quickened; 
later  they  become  slow.  From  the  largest  doses  the  animal  may  die  within  two 
hours,  without  diarrhea,  but  with  a  short  period  of  nervous  excitement  followed 
by  coma  and  gradual  failure  of  respiration.     Doses  of  from  .015  to  .06  c.c.  are 
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Pig.   1. — Rabbit    58.       Eschar    resulting    from    subcutaneous    injection    of    .03    c.c.     of    dichlorethylsulphide, 

eighteen   days   after   injection. 


Fig.   2. — Rabbit  62.     Eschar  resulting   from  subcutaneous  injection   of  .06  c.c.   of  dichlorethylsuliihide,   eleven 

days  after  injection. 
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iK)t  ncri's^aril)  falal  to  laMiiN,  alilinuL;!!  a  certain  proportion  of  the  animals 
rccci\in,i;  smli  dnscs  do  <\\v.  heath  fiom  tliese  doses  usually  takes  place  from 
the  fourth  (o  tlic  tenth  day.  hianheal  symptoms  may  appear  as  early  as  the 
second  day,  Imt  in  the  .i^ieal  niajorilx-  of  cases  diarrhea  does  not  appear  until 
the  fourth  lo  sescnth  day.  Coincident  with  the  diarrhea  there  is  a  marked  fall 
of  tenii>erature,  wliich  may  he  as  much  as  seven  to  eight  degrees  below  normal. 
If  the  animal  sur\ives  the  diarrheal  ])eviod,  the  temperature  may  come  back 
nearly  to,  or  (|uite  to,  normal,  t(j  fall  again  just  lx.'f(jre  death,  if  the  animal  dies. 
During  the  diarrheal  stage  the  animal  rapidly  loses  weight  and  this  loss  of  weight 
continues  after  the  cessation  of  diarrhea,  so  that  when  the  animal  dies,  it  may 


Fig.   3. — Rabbit   76.      Sloughing   Icsiuu    proJuet-d  by   subcutaiu- ous   injection   ot   .nO   c.c.    of   hyilrochloric   acid, 

twenty-four   liours  after   injection. 

have  lost  as  nuich  as  one-third  of  its  body  weight.  The  diarrheal  stools  are 
fluid,  mucoid,  brown  to  black,  sometimes  tarry,  and  very  foul  smelling.  Ac- 
companying the  diarrhea,  there  is  a  marked  anorexia  and  great  thirst ;  the  an- 
imal is  quiet,  depressed ;  and  both  circulation  and  respiration  are  slowed.  In 
the  animals  that  recover,  the  diarrhea  may  last  for  several  days,  accompanied 
by  a  marked  lowering  of  temperature  and  a  general  depression.  As  the  stools 
become  normal  the  temperature  rises  and  the  general  condition  improves  until 
the  animal  is  again  apparently  perfectly  normal. 

At  the  site  of  the  subcutaneous  injection  there  developed  a  local  edema  which 
is  usually  much  less  than  the  edema  produced  by  cutaneous  applications.     In 
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a  certain  nuiiihcr  of  cases,  there  is  a  marked  edema  of  tlie  l)ellv  wall,  although 
the  injections  were  routinely  made  on  the  hack  of  the  animal,  a])i)arently  due 
to  the  hypostasis  of  hody  iluid  containing  mustard  gas,  from  the  seat  of  the 
injection.  The  edematous  area  at  the  seat  of  injection  gradually  changes  into 
an  indurated  eschar  (see  I'igs.  I- and  2)  which  undergoes  a  slow  demarcation 
from  the  neighhoring  living  tissue.  In  some  animals  injected  subcutaneously  with 
the  dichlorethylsulphide  furnished  by  the  Chemical  W  arfare  Service  and  li\ing 
two  (la\s  or  longer,  a  sul])hur-yello\v  coloration  of  the  tissue  at  site  of  injection 
was  noted.  Such  a  coloration  was  not  noticed  in  any  animal  injected  with  the 
Gomberg  preparaticjn. 

The  gross  pathology  shown  by  animals  killed  or  dying  at  varying  periods 
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Fig.   4. — Raljljit    59.      Kmivd    subcutaneous   injection    of    .ii4-    c.c.    nf    ilichlon-thylsnliihitK 
day   during   mild   diarrliea.      General   mucoid   degeneration. 
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after  subcutaneous  injections  consists  of  a  general  passive  congestion  of  all  or- 
gans with  occasional  minute  hemorrhages,  emboli,  and  infarctions.  The  most 
specific  changes  are  those  found  in  the  gastrointestinal  tract  in  the  form  of  an 
intense  splanchnic  congestion  and  a  more  or  less  severe  catarrhal  enteritis.  In 
practically  every  instance  it  was  noted  that  the  contents  of  the  gall  bladder  con- 
sisted of  a  thin,  pale,  yellowish,  mucoid  bile. 

The  microscopic  findings  confirm  the  gross  appearances.  No  specific 
changes  are  found  in  any  organs  except  the  intestines,  spleen,  and  possibl}'  the 
bile  ducts.  These  specific  changes  consist  in  a  mucoid  degeneration,  necrosis, 
and  desquamation  of  the  epithelium  of  the  intestinal  mucosa,  marked  congestion 
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jMg.  5. —  Raliliit  66.  l-iccrivfd  sulicutant_<Jiis  injcclinn  nt  .IS  c.c.  ol  diclil(irctlivl<r,l;.hMc.  j;n.',-m 
have  diarrhea  seven  days  after  injection  and  died  four  days  later.  Section  of  upper  portion  of  small 
testine   showing   acute   catarrhal    enteritis. 


Fig-. 


n-    rabbit    as   lUccedinK.       I\xtreuie   mucoid   degeneration.      Catarrl.al    enteritis.      Mucous   diarrhea. 
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Fig.   7. — Section    of   cecal    wall    from    same    rabbit    as   preceding.      Marked    catarrhal    inflammation.      Mucous 


diarrhea. 


Fig.  8. — Rabbit  (>S.  Received  subcutanenvis  injection  fjf  M  c.c.  of  dichl(neth\  Isulidiide.  Diarrhea 
.began  on  the  second  day,  the  animal  dying  three  days  later.  I-^xtreme  mucoid  degeneration  of  the  entire 
intestinal  epithelium.      Mucous   diarrhea. 
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Fig.  9. — Dog  3.  Received  subcutaneous  injection  of  .24  c.c.  of  dichloretliylsulphide.  Died  in  four 
days  with  a  very  severe  diarrhea.  Kxtreme  catarrhal  desquamative  enteritis.  Mucoid  degeneration  and 
necrosis  of  the   glandular  epithelium. 


Fig.   10. — Same   dog  as   preceding.      Middle   portion   of   small    intestine    showing   desquamation   of    the    super- 
ficial   epithelium   and    necrosis   of   the    epithelium    of    the    glands    of    Lieberkuhn.      Severe    enteritis. 
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Fig.  11. — Rabbit  63.  Received  subcutaneous  injection  of  .06  c.c.  of  dichlorethylsulphide.  Severe 
diarrhea  from  fourth  to  ninth  day.  Killed  fifteen  davs  after  injection.  Mucosa  of  intestine  intensely  con- 
gested and  edematous.  Marked  mucoid  degeneration  with  cystic  glands.  Regeneration  of  superhcial 
epithelium. 


Fig.  12. — Rabbit  SO.  Received  subcutaneous  injection  of  .00  c.c.  (vf  (lichlorcthylsulphidc.  Very 
diarrhea  on  fifth  to  seventh  day  afterwards.  Apparent  recovery.  Killed  on  the  thirty-second  day 
' '<■(■( ion.     Mucosa  shows  excessive  mucus  formation. 
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of  tln'  wliok'  >|il.iii(  liiiic  area,  willi  edema,  ami  occasional  petechial  hemorrhages 
,111(1  iiiinult'  (To^ioii^  of  the  iiuuo-;i.  1  )c.t;enerati\e  chaiij^es  have  also  been  noted 
in  the  (.pillu'liiiiii  of  ilic  liilc  (luct>,  .and  the  postmortem  changes  in  the  mucosa 
of  llu'  ^.all  liladdrr  ;iiid  Larimer  liiK'  ducl-^  .appear  to  he  greatly  hastened,  and  more 
severe  tli.an  iionual,  .a^  llion,!;li  from  llie  presence  of  some  necrosing  substance 
in  the  l)ile.  (  v^ee  l'"igs.  4  lo  13.)  A  very  striking  feature  f)f  the  pathology  of 
m.anv  cases  of  subcutaneous  injections  of  dichlorethylsulphide  is  the  jiresence 
in  the  hloo(l  sjjaces  and  sinusoids  of  the  spleen  of  great  numbers  oi  large  pig- 
mented phagocytes  and  hemophages  containing  .altered  red  blood  cells,  inrlicating 
a  greatly  increased  hemolysis.     (See  Fig.  13. ) 

The  microscojtic  api)earances  of  the  tissues  at  the  site  of  injection  are  those 


Fig.  13. — Ral)l)il  47.  Kfceived  .subcutaneous  injection  of  .03  c.c.  of  diclilorctliylsuliiliidc.  Very 
severe  diarrliea  on  fourtli  to  eigtith  day.  Died  on  twelfth  day  after  injection.  Intestines  showed  severe 
catarrhal  enteritis.  Section  of  spleen  showing  the  great  number  of  pigmented  phagocytes  in  the  blood 
sinuses. 

of  an  extensive  eschar  extending  entirely  through  the  skin  and  fascia,  and  deep 
into  the  muscles  with  extensive  extravasations  and  infiltrations  of  leucocytes. 
The  appearances  of  secondary  infection  are  frec|uently  added  to  those  of  the 
primary  lesion.  In  several  instances  deposits  of  lime  salts  were  noted  m  the 
necrotic  area. 

Intravenous  Injections. — \\'hcn  dichlorethylsulphide  is  injected  directly  into 
the  external  jugular  or  superficial  femoral  veins  in  doses  varying  from  .00/5  to 
.18  C.C.,  the  animal  shows  no  signs  of  pain  and  returns  to  eating,  but  within  a 
short  time  begins  to  show  symptoms  of  hyperexcitability  in  the   form  of  very 
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rapid  respiration  and  slii^hl  con\nlsive  ino\emenls.  Within  an  liour  there  may 
be  .e^eneral  convulsions  and  opisthotonos  with  head  turned  to  one  side.  The 
animal  quickly  becomes  very  weak,  tends  to  lie  u])on  its  side  with  rapid  ierking 
movements  of  the  legs,  as  though  running.  The  animal  can  not  turn  over. 
Soft  feces  are  frequently  invokmtarily  discharged.  The  animal  acts  as  though 
nauseated  and  there  are  slight  salivation  and  lacrimation.  The  pupils  are  dilated. 
The  temperature  rapidly  falls  six  to  eight  degrees  before  death.  The  convul- 
sions cease,  the  pu[)i]s  contract,  sali\ation  increases,  the  animal  passes  into  coma,, 
and  there  is  a  gradual  failure  of  circulation  and  respiration,  although  the  respira- 
tion ceases  some  time  before  the  heart  stops  beating.  Death  usually  takes  place 
in  one  to  four  hours,  depending  upon  the  size  of  the  dose.  Following  the  intra- 
venous injection  of  larger  doses,  the  first  convulsive  mo\ements  may  appear  in 
ten  minutes  and  be  followed  rapidly  by  wild  clonic  convulsions,  very  much 
resembling  those  of  rabies. 

The  gross  pathologic  changes  following  intravenous  injections  of  dichlor- 
ethylsulphide  are  dilatation  of  the  heart,  particularly  on  the  right  side,  and 
marked  congestion  of  the  lungs  with  numerous  petechial  hemorrhages.  All 
other  organs  show  congestion  with  numerous  minute  hemorrhages.  Mucosa  of 
gastrointestinal  tract  is  covered  with  thick  mucus,  is  congested,  and  may  show 
minute  hemorrhages.  The  contents  of  the  gall  bladder  may  be  a  thin  and  pale  bile. 
No  specific  changes  were  found  in  the  brain  and  cord  and  no  thrombus  in  the 
vein  at  the  site  of  injection. 

Microscopic  examination  confirms  the  gro.,s  appearances,  in  that  it  shows 
extreme  congestion,  stasis  and  hemorrhages  in  the  lungs ;  congestion  of  the  gas- 
trointestinal tract,  w'ith  an  increased  formation  of  mucus  scattered  irregularly 
throughout,  not  comparable,  however,  to  the  changes  found  in  animals  injected 
subcutaneously ;  and  marked  general  congestion. 

EPICRISIS 

The  introduction  of  dichlorethylsulphide  into  the  blood  stream  causes  death 
within  a  few  hours  with  characteristic  symptoms.  When  injected  subcutane- 
ously, with  resulting  slower  absorption  into  the  circulation,  death  occurs  later, 
from  twelve  hours  to  several  days,  likewise  with  a  characteristic  symptom- 
atology. The  symptoms  may  be  classed  roughly  as  (1)  nervous  and  (2)  intes- 
tinal. In  the  case  of  large  doses,  with  death  occurring  within  an  hour,  the 
nervous  symptoms  may  alone  be  exhibited,  while  in  the  animals  living  for  some 
time  the  nervous  symptoms  are  slight  and  those  of  the  intestinal  group  predom- 
inate. In  the  correlation  of  the  pathologic  findings  with  the  symptomatology,, 
no  change  has  been  found  in  the  central  nervous  system  offering  an  adequate 
explanation  for  a  death  dependent  entirely  upon  a  lesion  of  the  central  ner\ous 
system.  In  the  delayed  cases  (subcutaneous)  the  intestinal  tract  offers  a  patho- 
logic picture  commensurate  with  the  symptoms.  In  addition  to  the  specific 
pathology  just  mentioned,  incidental  pathologic  findings  in  the  form  of  thrombi, 
emboli,  embolic  infarctions  and  hemorrhages  may  at  times  be  interpreted  as 
explaining  some  of  the  observed  clinical  phenomena. 
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C)\  all  the  palliolo-^ric  lesions  ]ii()(lucecl  by  mustard  j,'as,  ai»i»arcnlly  the  most 
sprcitu-  .111(1  iiKisl  inlcrcstiiif,^  an-  the  iiilcstinal  chanj^cs  follovvinj^  intravenous 
and  snlKUtanrous  injcclions.  'i'lic  ink-nsc  catarrhal  enteritis  observed  after  such 
injrctions  su,<,^i;fsls  the  {■xiTclion  of  di(hlorctliylsuli)hide  or  some  product  of 
its  decomposition  throui,di  the  intestinal  muc(jsa.  Xo  chanj^'es  have  ever  been 
observed  in  the  kidneys,  indicatinj^  the  excretion  of  any  toxic  product  through 
the  renal  epithelium.  In  the  case  of  the  liver  there  have  been  observed,  at  times, 
degenerative  changes  in  the  biliary  epithelium,  suggesting  the  presence  of  some 
injurious  substance  in  the  bile.  Further,  the  probability  of  this  hypothesis 
seems  the  greater  in  view  of  certain  changes,  found  in  a  certain  proportion  of 
cases,  in  the  gall  bladiliT,  in  the  form  of  an  apparentl)-  earlier  postmortem  necro- 
sis of  the  gall  bladder  wall,  and  a  diffusion  of  the  bile  into  the  neighboring 
liver  tissue.  It  has  been  a  notable  observation  that,  in  many  cases,  when  autopsy 
was  performed  immediately  upon  death  of  the  animal,  such  early  postmortem 
change  was  found  in  the  gall  bladder;  while  in  animals  that  had  not  received 
dichlorethylsulphide  injections,  such  an  immediate  postmortem  change  was  not 
observed. 

A  large  numtier  of  exiieriments  were  made  in  the  effort  to  demonstrate 
the  presence  of  mustard  gas  or  its  products  in  the  intestinal  wall  and  contents, 
and  in  the  liver  and  bile.  In  the  tissues  at  the  site  of  the  injection,  the  odor  of 
mustard  gas  will  persist  for  several  days  and  cutaneous  applications  of  the  ether 
extract  of  these  tissues  will  produce  a  well-marked  mustard  burn,  even  when 
the  ether  extract  is  much  diluted.  Fttrther,  in  one  case  in  which  death  occurred 
within  one  hour  after  jugular  injection,  with  numerous  small  embolic  hemor- 
rhages in  the  lungs,  the  odor  of  mustard  gas  was  clearly  evident  on  section  of 
the  lung,  and  an  ether  extract  of  the  lung  gave  a  slight  positive  test.  With  this 
single  exception  we  have  been  unable  to  obtain  any  odor  of  mustard  gas  or  any 
positive  skin  reaction  from  extracts  of  any  organ.  Ether  and  acjueous  extracts 
of  the  liver  and  bile,  the  intestinal  tract  and  its  contents,  the  blood,  heart  and 
lungs,  and  of  the  urine,  even  when  concentrated,  have  yielded  no  odor  of 
mustard  gas  and  have  given  no  positive  skin  test. 

It  has  been  generally  assumed  that  the  injurious  action  of  mustard  gas 
follows  its  hydrolysis  in  the  living  cells  and  tissues.  The  products  resulting 
from  the  hydrolysis  of  dichlorethylsulphide  are  hydrochloric  acid  and 
dihydroxyeth}lsulphide. 

From  Major  Moses  Gomberg  of  the  Chemistry  Department  of  the  Univer- 
sity of  ]\Iichigan  a  quantity  of  pure  dihydroxyethylsulphide  was  obtained.  Vary- 
ing series  of  experiments  made  with  this  substance  showed  it  to  be  apparently 
inert,  both  as  ai)i)lied  locally,  by  ingestion,  and  by  subcutaneous  and  intravenous 
iniections,  in  quantities  up  to  many  times  the  lethal  doses  for  dichlorethylsul- 
phide. No  diarrhea,  no  fall  in  temperature,  and  no  other  symptoms  were  pro- 
duced, and  no  i)athol()gic  lesions  were  found  in  such  animals  with  the  exception 
of  marked  fatty  changes  in  the  liver  cells. 

A  similar  set  of  experiments  with  hydrochloric  acid  injections  was  also 
•carried  out.     The  subcutaneous  injection  of  hydrochloric  acid,  even  in  a  dose 
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of  .12  c.c.  iM'oduces  intense  local  irritation  and  pain,  in  striking-  contrast  to  the 
anesthetic  action  of  dichloreth}']sn]i)hi(le.  'I'he  course  of  tlie  local  lesion  is 
entirely  inilikc  that  produced  hy  mustard  gas.  'Phe  liquefaction  of  the  eschar 
is  ver\'  rapid  and  there  ([uickly  results  a  deep  excavated  lesion,  the  bottom  and 
sides  of  which  aj^pear  charred..  (See  Fig.  3.)  No  diarrhea  is  produced:  the 
temperature  remains  normal  or  rises;  no  s}'steniic  symptoms  are  produced,  and 
the  animal  will  reco\er  unless  secondary  infection  sets  in. 

The  intravenous  injection  of  .06  c.c.  of  hydrochloric  acid  (diluted  to  jire- 
vent  local  injury  during  injection)  jiroduces  no  symptoms  comparable  to  those 
resulting  from  the  intra\enous  injection  of  dichlorethylsulphide. 

The  maimer  of  causation  of  the  intestinal  lesions  remains  the  special  prob- 
lem of  the  pathology  of  dichlorethylsulphide  poisoning.  Neither  hydrochloric 
acid  nor  dihydroxyethylsulphide,  when  introduced  into  the  circulation,  will  cause 
similar  changes.  Therefore  these  lesions  can  not  be  the  result  of  the  action  of 
hydrochloric  acid  produced  at  the  site  of  the  lesion  and  circulating  in  the  blood. 
The  next  most  plausible  explanation  of  the  cause  of  the  intestinal  lesions  is  that 
mustard  gas  itself  or  some  other  unknown  decomposition  product  circulates  in 
the  blood  and  is  excreted  through  the  mucosa  of  the  intestine,  or  possibly,  also, 
through  the  bile. 

It  has  been  stated  that  the  most  delicate  chemical  test  for  mustard  gas  is 
a  color  reaction  with  a  solution  of  platinic  chloride  and  sodium  iodide.  The 
lic|uid  to  be  tested  is  applied  to  absorbent  paper  moistened  with  this  *;olution. 
In  the  presence  of  dichlorethylsulphide  the  pink  color  is  changed  to  a  faint 
purple,  which  becomes  blue  or  deep  blue,  depending  upon  the  concentration  of 
the  mustard  gas  solution.  A\'hen  this  test  was  applied  to  ether  and  aqueous  ex- 
tracts of  the  liver,  bile  and  intestine  from  animals  injected  subcutaneously  and 
intravenously  with  dichlorethylsulphide,  we  obtained  a  definite  blue  color  more 
marked  in  the  case  of  the  aqueous  extracts.  This  reaction  Ave  at  first  believed 
to  be  a  positive  test  for  mustard  gas  in  these  extracts.  Continuing  our  control 
experiments,  we  found  that  the  dihydroxyethylsulphide  gives  the  same  reaction 
with  the  platinic  chloride-sodium  iodide  as  dichlorethylsulphide.  The  test  is, 
therefore,  not  a  specific  one  for  pure  dichlorethylsulphide.  We  then  took  the 
aqueous  extracts  of  liver,  bile,  intestine  and  urine,  which  might  be  expected  to 
have  the  dihydroxyethylsulphide  in  them,  if  it  were  present  at  all,  since  it  is  sol- 
uble in  water,  and  heated  them  with  concentrated  hydrochloric  acid  with  the 
expectation  of  reconverting  the  hydrolyzed  product  into  mustard  gas.  The 
products  thus  obtained,  however,  gave  no  odor  of  mustard  gas,  and  their  ether 
extracts  neither  gave  a  skin  reaction  nor  a  positive  color  test.  On  the  other 
hand,  these  aqueous  extracts  of  body  fiuids  and  organs  did  give  bluish  green 
color  tests  with  the  test  solution  that  might  be  interpreted  as  faint  positive  reac- 
tions for  mustard  gas.  Unfortunately,  however,  the  aqueous  extracts  of  these 
same  organs  and  fiuids  from  animals  untreated  with  mustard  gas  produce  an 
identical,  color  reaction.  We  have,  therefore,  been  unable  to  demonstrate  the 
presence  of  mustard  gas  or  its  hydrolyzed  products  in  the  liver,  bile,  intestines, 
feces,  blood  or  urine. 
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coxci.rsiONS 


1.  I  )i(.-lili)iHtli\  lMil|i!ti<lc  wlicii  injcitcd  iiilcniall}  in  do^o  of  a[>iM-oxiinatclv 
.0()  c.c.  \)vy  kilo  for  tlic  rahlil,  and  .O.i  e.c.  jit-r  kilo  for  the  dog,  causes  a  fatal 
intoxication,  cliaracu  ri/.cd,  wliin  death  occurs  (juickly,  hy  symptoms  refcraljle 
to  the  central  nir\ous  system;  hut  \\h(,n  death  takes  place  more  slowly,  by  in- 
tense diarrhea,  anorexia  and  reduction  of  tenij)erature. 

2.  The  onl\  s])ecific  patholojjjy  (jf  such  fatal  poisoninj,'s  is  a  marked  degen- 
eration of  the  epithelium  of  the  gastrointestinal  tract  in  the  form  of  a  severe 
catarrhal  enteritis,  and  the  occasional  occurrence  of  similar  changes  in  the 
epithelium  of  the  bile  ducts  and  gall  bladder. 

3.  These  changes  suggest  the  excretion  of  mustard  gas  or  some  poisonous 
product  resulting  from  its  decomposition  into  the  gastrointestinal  tract.  Xo 
[)Ositi\e  proof,  howexer,  of  this  mode  of  excretion  could  be  obtained.  The 
hydrolysis  of  mustard  gas  circulating  in  the  blood  may  take  place  in  the  intes- 
tinal mucosa,  thereby  producing  the  degenerative  changes  seen  in  these  cells. 
On  the  other  hand,  the  intestinal  conditions  may  not  be  due  to  the  direct  action 
of  any  substance  upon  the  epithelium  of  the  mucosa,  but  may  be  secondary  to 
the  splanchnic  congestion  and  the  h}perexcitability  of  the  nervous  centers. 

4.  It  seems  prohal)le  that  the  characteristic  sym])toms  and  death  following 
subcutaneous  and  intravenous  injections  of  dichlorethylsuli)hide  are  due  to  the 
direct  action  of  this  substance  circulating  in  the  blood,  upon  the  central  nervous 
system,  either  with  or  without  hydrolysis  in  the  nervous  tissue  affected.  The 
specific  character  and  constancy  of  the  symptomatology  ofifer  suf^cient  argument 
against  any  assumption  that  the  process  is  embolic  in  character. 

IV.  SUSCEPTIBILITY 

In  Meyer's  first  laboratory  experiments  with  dichlorethylsulphide  he  noticed 
an  apparent  difference  in  individual  susceptibility,  in  that  he,  himself,  was  not 
affected  by  exposure  to  it,  while  a  laboratory  worker  engaged  in  making  it  de- 
veloped conjunctivitis  and  a  severe  skin  eruption.  ^Ie}er's  conclusion  thai 
individual  susceptibility  must  vary  greatly  seems  hardly  warranted  by  this  ob- 
servation. Undoubtedly  I\Ieyer  was  working  with  a  very  impure  compound,  the 
concentration  of  which  must  have  varied  from  time  to  time,  and  the  laboratory 
worker  must  have  been  much  more  exposed  to  its  fumes  than  Meyer,  himself. 
Further,  the  dissemination  of  mustard  gas  is  such  an  insidious  matter  of  phys- 
ical conditions  and  pure  chance,  that  in  a  group  of  workers  exposed  to  appar- 
ently identical  conditions  the  greatest  diversity  of  effects  may  be  produced, 
leading  to  an  incorrect  supposition  of  especial  resistance  or  susceptibility  in  the 
individual  members  of  the  same  group.  The  question  of  the  existence  of  indi- 
vidual susceptibility  can,  therefore,  be  settled,  only  by  the  application  of  experi- 
mental methods  in  which  the  conditions  of  exposure  are  identical. 

This  has  been  done  by  MarsJiall,  Lynch,  Smith,  and  JJ'illianis  Ofedical 
Division,  Chemical  \\arfare  Service  Kcports,  Xos.  288,  290.  302,  303,  320). 
These  workers  found  that  the  results  of  uniform  skin  tests  showed  that  there 
does  exist  a  decided  individual  difference  in  the  skin  reaction  to  mustard  gas 
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independent  of  changes  in  sensitivity  due  to  sweating,  etc.  About  20-40  per 
cent  of  the  white  men  tested  showed  a  certain  degree  of  resistance;  while  78 
per  cent  of  negroes  tested  showed  a  similar  resistance.  About  2  per  cent  of  the 
white  individuals  showed  a  hypersensitivity;  no  hypersensitive  cases  were  found 
among  negroes.  There  exis.ts,  then,  a  much  greater  degree  of  cutaneous  sensi- 
tivitv  to  mustard  gas  among  white  people  than  in  the  colored  race.  Groups  of 
indi\-iduals  treated  at  different  times  do  not  show  any  great  change  in  sensi- 
tivitv  from  time  to  time.  In  Report  316,  Marshall,  Miller,  Reed  and  Beaver 
state  that  in  the  gassing  chamber  very  little  difference  in  susceptibility  has  been 
noted  in  the  dog,  monkey,  goat,  rabbit,  guinea  pig,  and  mouse.  So  far  as  the 
coniunctiva  and  respiratory  mucous  membrane  is  concerned  there  appears  to 
be  little  or  no  variation  in  individual  sensitivity.  In  Report  328,  Marshall  and 
Williams  in  a  study  of  sensitivity  in  different  animals  in  their  reaction  to  the 
skin  test  found  the  horse  most  sensitive  and  monkeys  most  resistant,  the  dog 
most  closely  approaching  man  in  percentage  of  reaction.  Individual  differences 
in  sensitivitv  were  also  noted  in  animals.  An  acquired  hypersensitivity  to  mus- 
tard gas  vapor  as  the  result  of  previous  or  repeated  burns  is  claimed  by  many 
w'orkers,  and  accepted  by  some  observers.  That  suck  a  localized  susceptibility 
may  be  shown  in  scars,  healing  burns,  injured  conjunctiva  and  mucous  mem- 
branes, is  very  probable,  but  there  is  no  evidence  to  the  effect  that  exposures 
to  mustard  gas  increase  the  individual's  susceptibility  on  the  part  of  the  w^hole 
organism. 

The  individual  human  sensitivity  is  in  part  a  racial  one,  and,  therefore, 
intrinsic  and  constitutional.  Marshall  (Chemical  Warfare  vService  Reports) 
would  explain  it  as  due  to  dift'erences  in  the  skin,  cutaneous  lipoids,  etc.  Among 
the  individuals  of  the  same  race  showing  differences  in  cutaneous  sensitivity  to 
mustard  gas  he  noted  no  other  constitutional  differences  or  peculiarities.  In 
the  cases  seen  by  us  there  were  five  individuals  who  seemed  to  be  cutaneously 
hypersensitive,  as  shown  by  their  receiving  frequent  and  severe  burns  from  vapor 
exposures  not  affecting  other  workers  so  severely,  although  apparently  similarly 
exposed.  The  two  fatal  cases  belonged  to  this  group.  It  is  noteworthy  that  all 
five  of  these  cases  presented  constitutional  stigmata  or  clinical  symptoms  of  a 
definite   pathologic   constitution,   the   thymic olyinphatic. 

Autopsy  on  one  case  showed  a  persistent  thymus  and  characteristic  lymph- 
oid hyperplasia  with  exhaustion  of  the  germ  centers.  The  fact  that  indi- 
viduals possessing  this  constitution  are  especially  susceptible  to  skin  conditions, 
such  as  eczema,  to  food  idiosyncrasies,  to  asthma  and  pollen  intoxications,  to 
death  from  anesthesia,  slight  surgical  operations,  slight  thermal  burns,  etc.,  and 
to  death  from  acute  infections,  makes  it  very  probable  that  a  large  number  of 
the  hypersensitive  to  mustard  gas  may  possess  this  constitution.  As  its  chief 
features  can  be  easily  recognized  by  a  good  clinician,  and  as  many  of  its  fea- 
tures can  be  brought  out  by  the  clinical  history,  all  workers  in  mustard  gas 
should  be  subjected  to  an  examination  for  the  existence  of  this  constitution, 
and  those  possessing  it  should  be  rejected. 

The  chief  objective  features  of  the  constitution  are  a  short,  full  neck, 
rounded  thighs  and  hips,  evidences  of  rachitis,  pasty  or  pale  complexion,  ten- 
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<lt'iu\  lo  muiiili  Inx'alliin^.  .idcnoifU  aiiil  cnlar^cfl  tonsils,  ])al|>al)le  lymph  iiofles. 
( 'ccasionall)  llit'sc  features  arc  eomhiiied  with  the  luhcrcuhnis  habitus,  long 
iian"<i\\    llat   thorax,  lloatiuj^  rilts,  lonj;  hell)',  low    scrfjtuni,  etc. 

Ill  the  clinical  history  the  t'ollowinj^^  jtoints  should  1)C  noted:  tendency 
to  croup,  laryngeal  stridor,  asthma,  hay  fever,  unusual  tendency  to  bronchitis, 
severe  reaction  to  acute  infectious  diseases,  food  and  drug  idiosyncrasies  Hob- 
ster,  crab,  egg,  honey,  strawberries,  raspberries,  milk,  cocoa,  tea,  morphine, 
chloroform,  t[uinine,  etc.), severe  serum  reactions,  severe  anaphylactic  phenom- 
ena, tcndenc}-  to  eczematous  conditions  of  the  skin,  goiter,  tendency  to  faint  on 
slight  cause,  sensitiveness  to  shock.  At  autopsy  enlarged  thymus  and  hyper- 
])lastic   1\  111] ill   nodes  are   found. 

The  determination  of  this  constitution  is  not  difficult;  and  an  investigation 
should  be  made  as  to  its  frequency  in  those  individuals  hypersensitive  to 
mustard  gas. 

FINAL  SUMMARY  OF  DICHLORETHYLSULPHIDE  IXVESTIGATIOX 

This  paper,  the  sixth  in  number,  closes  the  series  of  investigations  on  di- 
chlorethylsulphide  carried  out  during  the  last  year  in  the  Pathological  Labora- 
tory of  the  University  of  Michigan.  Begun  as  an  independent  war  research 
problem,  the  laboratory  later,  through  Dr.  \\'arthin,  became  associated  with  the 
Medical  Advisory  Board  of  the  Chemical  \\'arfare  Service,  and  abstracts  and 
preliminary  reports  of  these  investigations  are  included  in  the  Reports  of  that 
service.  All  of  the  articles  have  been  published  in  full  in  this  Journal  (Pathol- 
ogy of  the  Skin  Lesions,  May,  1918;  Pathology  of  the  Ocular  Lesions,  Octo- 
ber, 1918;  The  Treatment  of  Dichlorethylsulphide  Injuries,  ibid.;  The  Clinical 
Pathology  of  Dichlorethylsulphide  Poisoning,  November,  1918;  Lesions  of  the 
Respiratory  and  Castroi)ifesti}wl  Tracts,  this  number).  In  this,  the  final  article, 
it  seems  advisable  to  assemble  tlie  main  points  of  knowledge  gained  bv  the  in- 
vestigation in  the  form  of  the  summary  given  below.  The  research,  which  has 
been  carried  out  in  a  most  intensive  manner,  involving  an  immense  amount  of 
labor,  has  been  made  possible  only  through  the  enthusiastic  cooperation  of  the 
entire  laboratory  staff,  and  to  these,  especially  to  Dr.  Harriet  Taylor,  ^ve  wish 
to  give  appreciative  thanks.  To  ]\Iajor  ]\Ioses  Gomberg,  Professor  of  Chem- 
istry in  the  University  of  Michigan,  we  owe,  first  of  all,  our  opportunity  to  take 
up  this  research,  inasmuch  as  he,  in  the  beginning,  furnished  us  with  a  quantity 
of  the  purest  mustard  gas  we  have  been  able  to  obtain  from  an)-  source.  Whh 
the  dichlorethylsulphide  made  b)-  him,  an  absolutely  colorless  liquid  possessing 
but  a  faint  odor,  we  have  been  able  to  standardize  our  entire  series  of  investiga- 
tions ;  at  the  same  time  we  have  compared  its  results  with  those  of  other  samples 
less  pure,  obtained  from  the  Chemical  Warfare  Service  and  elsewhere.  To 
Dr.  Gomberg  we  owe  thanks  also  for  a  quantity  of  pure  dihydroxyethvlsulphide. 
To  the  Regents  of  the  University  of  ^Michigan  we  are  also  indebted  for  a  special 
grant  of  funds  for  necessary  expenditures  for  animals  and  additional  technical 
assistants.  Finally,  to  ^Miss  Frances  Dunbar,  we  wish  to  give  our  thanks  for 
her  care  and  skill  in  printing  our  photomicrographic  plates. 
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SUMMARY 

I.  Diclilorctliylsiilpliidc  ("Mustard  Cas"),  in  liquid  or  in  xapor  form,  even 
in  very  low  concentrations,  is  an  escharotic  ])oison  for  the  animal  tissues   (skin, 
conjunctivae,   cornea,  mucouV;  membranes    of    respiratory    and    gastrointestinal 
tracts)  with  which  it  comes  in  direct  contact.     The  degree  of  the  injury  is  pro- 
portionate to   the   concentration    of   the  gas,   the   time   of   exposure,   individual 
susceptibility,  and  local  physical  conditions,  such  as  moisture,  sweating,  warmth, 
pressure  and  friction.     The  escharotic  action  is,  for  the  greater  part,  painless, 
the  anesthetic   eftect   being  especially   notable   u])on   the    skin;    while   upon   the 
mucous  membranes  its  action  may  be  more  irritant,  ])robably  chiefly  reflex  in 
character.      The   cutaneous   surfaces   most   susce])tible   are    those    with   thinner, 
more  delicate  skin,  well   supplied  with  sweat  glands  and  hair   follicles,   where 
sweat  ma\'  collect,  and  which  are  exposed  to  friction  or  pressure,  such  as  the 
axillae,  flexor  surfaces,  genitals,  inner  surface  of  arms  and  corresponding  sur- 
face of  trunk,  inner  surfaces  of  thighs,  between  the  fingers,  etc.     There  is  a 
penetration  of  the  gas  into  the  sweat  and  sebaceous  glands.     The  injuries  are 
]xarticularly  striking  in  their  insidious,  slowly  progressive  development,  becom- 
ing first  apparent  only  some  hours  after  the'  exposure.     Upon  human  skin  the 
lesion  appears  as  a  hyperemia,  followed  by  vesication,  eschar  formation,  slough- 
ing, and  slow  healing,  with  more  or  less  pigmentation.     Depilation  may  occur ; 
in  severe  cases  the  eschar  may  extend  entirely  through  the  corium  into  the  sub- 
cutaneous  tissues.      Secondary   infection   and   gangrene   of   the   eschars   occin's 
invariably  in   cases  not  properly  treated.     Milder  lesions   may   show   onl}^  the 
earlier  stages  of  hyperemia,  vesication  or  pigmentation.     In  general  the  injuries 
may  be  classed  as  burns  of  first,  second,  or  third  degree.     Following  extensive 
hyperemias  in  human   skin  a  most  marked  pigmentation,   exceeding  in  degree 
the  most  marked  forms  of  solar  tan  may  be  quickly  developed  and  fade  slowly. 
This  pigmentation  may  be  difi^use  or  spotted.     In  human  skin  vesication  is  pro- 
nounced; in  animals  the  cutaneous  lesions  are  characterized  by  the  development 
of  marked  subcutaneous  edema  in  the  injured  area.     The  fluid  of  the  vesicle  or 
of  the  edema  is  nonirritating  when  applied  to  luiinjured  areas.     In  the  case  of 
numan  skin  frequently  exposed  to  very  dilute  concentrations   (only  perceptible 
by  odor),  an  eczematous  itching  condition  between  the  fingers,  on  the  genitals, 
etc.,  may  develop;  rubbing  or  scratching  of  the  itching  part  may  lead  to  the 
quick  development  of  a  blister  or  superficial  eschar.     Such  interdigital  lesions 
in  laboratory  workers  may  resemble  clinically  those  produced  b}?-  the  itch  mite. 
Cutaneous   areas   injured   by   mustard   gas   are    rendered    more    susceptible     to 
trauma   or  other   forms   of   injury,   including  new   exposures   to   mustard   gas. 
This  local  susceptibility  is,  however,  a  general  one,  and  not  a  specific  lowered 
resistance   to   the   action   of    dichlorethylsuli)hide.      Subcutaneous    iniections    of 
pure  dichlorethylsulphide  produce  i)ainlcss  eschars,  followed  by  dry   sloughing, 
with  edema  less  marked  than  in  the  case  of  external  cutaneous  application ;  a 
hypostatic  edema  may  develop  on  the  animal's  bclh-  when  injected  in  the  back. 
In  the  tissues  at  the  site  of  the  injection  and  in  the  hypostatic  edema  mustard 
gas  may  be  present  for  some  days  after  the  injection.     The  resolution  of  mild 
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skin  injuries  is  often  .ilUiKlcd  by  Iroublesome  itchinj^'.  llealinj^  oi  the  deep 
cutaneous  cscliars  is  \ci"\  slow  ;  larj^^'  scars  may  be  produced  resembling  those 
resultinjj;-  from  deep  tlienna]  burns.  Tiic  hairs  may  be  lost;  l;ut  when  regenerated 
they  may  be  while  in  eolor. 

Upon  the  cornea  nuistard  gas  exerts  an  especiahy  injurious  action,  par- 
ticuhirly  at  the  \erte\.  W'itlhn  ten  to  fifteen  minutes  after  exposure  to  dilute 
concentrations,  degeneration  or  necrosis  of  the  corneal  surface  may  be  demon- 
strated by  the  apjihcaliou  of  a  2  ])er  cent  alkaline  aqueous  solution  of  fluores- 
cein, the  injured  cells  retaining  a  greenish  fluorescent  coloration.  In  more 
severe  injuries  the  cornea  may  be  killed  throughout  its  entire  thickness  at  the 
vertex.  The  mildest  cases  show  a  slight  cloudiness;  the  severe  cases  present  a 
characteristic  ])orcelain  appearance  of  bluish  white  opalescent  cloudiness,  often 
with  a  more  opaque  band  or  line  running  horizontally  across  the  cornea  just 
below  its  trans\erse  diameter.  The  iniury  to  the  conjunctiva  is  shown  by  the 
development  of  a  more  or  less  severe  catarrhal,  scro])urulent  or  purulent  con- 
junctivitis \\  ith  marked  edema  of  the  subconjunctival  tissues  leading  often  to 
"ruffling"  of  the  lids,  entropion,  ectropion,  or  a  combination  of  these.  Even  the 
lighter  cases  tend  to  ruit  a  chronic  course  with  disturbances  and  reduction  of 
vision.  In  the  severe  cases  cicatrization  and  \ascularization  of  the  cornea  take 
place  slowly  with  resulting  impairment  or  loss  of  vision.  The  injured  eye  is 
more  susceptible  to  infection;  and  in  infected  cases  suppurative  panophthalmitis 
may  develop  with  comi)lcte  destruction  of  the  eyeball.  Recovered  cases  of 
mild  mustard  gas  conjunctivitis  often  show  an  increased  sensitivity  to  the 
action  of  light,  dust,  and  other  irritants,  including  mustard  gas  fumes. 

Upon  the  mucosa  of  the  respirator}^  tract  mustard  gas  vapor  produces  a 
local  injury  to  the  e[)ithelium  as  shown  by  the  development  of  a  catarrhal, 
desquamative,  membranous,  diphtheritic  or  purulent  inflammation  (rhinitis, 
stomatitis,  pharyngitis,  lar}-ngitis,  tracheitis  and  bronchitis),  these  lesions  being 
most  severe  in  the  nose,  back  of  tongue,  palate,  pharynx  and  larynx,  decreas- 
ing in  intensity  downwards.  Coryza,  salivation,  dryness  of  mouth  and  throat, 
aphonia  and  i)ersistent  cough  are  the  chief  symptoms,  with  physical  signs  of 
laryngeal,  tracheal  and  bronchial  inxolvement,  and  atelectasis  and  edema  of  the 
lungs,  As  a  result  of  secondar\-  infection  a  purulent  bronchopneumonia  may 
develop. 

Through  the  swallowing  of  air,  sali\"a  or  secretions  from  the  upper  respir- 
atory tract  containing  mustard  gas,  or  from  the  ingestion  of  contaminated 
food  local  corrosive  action  upon  the  alimentary  mucosa  may  be  produced, 
varying  from  a  catarrhal  inflammation  to  large  areas  of  eschar  formation  with 
resulting  gastric  ulcer,  perforation,  etc.  The  symptomatology  of  the  mildest 
lesions  is  covered  up  by  that  resulting  from  the  more  severe  burns  elsewhere ; 
the  more  severe  ones  will  produce  marked  symptoms  referable  to  the  stomach 
and  intestines. 

II.  There  exists  a  racial  and  an  individual  susceptibility  to  the  action  of 
dichlorethylsulphide,  particularly  in  the  case  of  the  skin,  and  probably  also  in 
the  respiratory  tract.     The  individual   susceptibility,  in  some  cases  at  least,  is 
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associated  with  the  constitutional  stij^niata  and  s^niptomatology  of  the 
tin  inicol\m])hatic   constitution.      Acquired   suscei)tibility   is   not   specific. 

There  is  no  evidence  of  any  systemic  poisonin_u:  by  the  absorption  of 
dichlorethylsulphide  from  the  skin,  eyes  or  mucous  membranes  of  the  respira- 
tory or  g-astrointestinal  tracts.  There  is  no  metastatic  action  of  the  gas  from 
the  site  of  local  external  application. 

In  all  se\ere  cases  of  mustard  gas  burns  of  skin,  e}'es,  or  mucous  mem- 
branes there  is  usually  the  clinical  picture  of  severe  shock,  in  the  form  of 
intense  pallor,  depression  of  pulse  and  temperature,  general  collaj)se,  nausea 
and  vomiting.     The  mildest  cases  show  no  systemic  reaction. 

No  changes  are  observable  in  the  blood  or  urine  of  mild  cases.  In  cases 
with  large  infected  burns  of  skin  or  respiratory  tract,  the  blood  presents  a 
mild  secondary  anemia  with  leucocytosis ;  the  blood  urea  is  increased ;  the  urine 
is  diminished,  concentrated,  and  contains  casts  and  albumin.  Under  forced 
fluids  the  urinary  symptoms  imiirove,  and  the  blood  urea  diminishes.  In  severe 
infected  cases  the  general  picture  may  be  that  of  a  severe  toxemia. 

AMien  injected  intravenously  or  subcutaneously  dichlorethylsulphide  is  an 
active  poison,  causing  death  in  one  to  four  hours  intravenously  and  two  hours 
to  three  weeks  after  subcutaneous  injections  (for  rabbits  intravenous  injec- 
tions of  .0075  c.c.  per  kilo  may  be  lethal  within  four  hours),  according  to  size 
of  dose,  individual  animal,  etc.  \\'hen  death  takes  place  quickly,  the  symptoms 
are  chiefly  those  of  an  action  upon  the  central  nervous  system,  such  as  hyper- 
excitabihty,  rapid  respirations,  general  convulsions,  opisthotonos,  gradual  fail- 
ure of  respiration  and  circulation,  coma  and  death.  When  the  animal  lives 
longer  after  small  intravenous  injections,  or  after  subcutaneous  injection,  there 
develops  a  characteristic  symptomatology  of  salivation,  marked  diarrhea,  and 
fall  of  temperature,  with  marked  anorexia,  emaciation  and  depression.  With 
subcutaneous  injections  of  .015  to  .06  c.c,  death  usually  takes  place  from  the 
fourth  to  the  tenth  day. 

III.  The  specific  microsco])ic  patholog}'  of  the  local  lesions  of  dichlor- 
ethylsulphide poisoning  consists  in  degeneration  and  necrosis  of  the  cells  with 
which  it  comes  in  contact.  The  earliest  microscopic  change  is  pyknosis  of  the 
nucleus  and  cell  body,  followed  by  hydropic  degeneration,  liquefaction  or  coagu- 
lation necrosis.  In  the  skin,  hyperemia,  with  regeneration  of  the  damaged 
cells,  vesicle  formation,  desquamation  of  the  dead  epidermis  or  eschar  forma- 
tion mark  var^ang  stages  of  severity  of  the  lesion.  The  degenerative  changes 
extend  deepest  in  the  hair  follicles  and  sweat  glands.  In  severe  burns  the 
necrosis  may  extend  entirely  through  the  corium.  In  the  cornea,  pyknosis  and 
simple  or  coagulation  necrosis  of  the  corneal  epithelium  and  interstitial  sub- 
stance, even  to  the  endothelial  layer,  in  extent  varying  with  the  degree  of  ex- 
posure, constitute  the  microscopic  features.  On  the  conjunctivae  the  epithelium 
shows  pyknosis,  hydropic  degeneration,  liquefaction  necrosis,  or  there  may  be 
a  deeper  necrosis  extending  into  the  subconjunctival  tissues.  The  conjunctival 
surface  suffers  to  a  less  degree  proportionately  than  the  epidermis.  On  the 
mucous  membranes  the  epithelium  shows  pyknosis,  hydropic  or  nuicoid  de- 
generation,  desquamation,   liquefaction   or   coagulation    necrosis.      The    necrosis 
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may  cxtnul  iiilo  the  ^ulinmcosa,  Imt  tlic  il(|illi  ol'  llic  Ic^'k^ms  oh  the  cotijunctivie 
and  the  iiuicous  iiieiuhraiies  <<\  the  ii-spiratDry  tract  is  never  so  great  from 
identical  exposures,  as  it  is  in  ihr  skin.  I'ollowinj^  the  necrosis  there  is  markerl 
hyperiMiiia,  and  \\\c  iK'\  clopnient  of  an  edema,  more  marked  in  the  subcutane- 
ons  and  subconjunctival  tissues  in  animals,  hut  less  marked  in  man.  The 
hlood  ^•esscls  in  the  necrotic  area  are  killed,  the  blood  cells  hemolyzed  without 
thrombus  formation  or  much  extraxasation,  excejtt  minute  hemorrhages  by 
diapedesis.  b'ollowing  the  lesion  there  is  a  demarcating  inflammation,  with 
slow  ret^^eneration,  repair  or  cicatrization.  On  the  mucous  membranes  there  re- 
sults in  the  severe  cases  a  localized  eschar  or  ulcer,  or  a  more  diffuse  diphthe- 
ritis.  With  secondary  infection  the  inflammatory  i)rocess  becomes  purulent 
or  suppurati\e.  The  inlluence  of  secondary  trauma  and  infection  is  well 
shown  in  the  early  (k\eloi)ment  of  deep  areas  of  decubitus  in  the  injured  re- 
gions of  the  skin.  Multiple  furuncles  may  develop,  or  large  cutaneous  areas 
become  gangrenous.  In  the  eye  purulent  involvement  of  the  anterior  chamber, 
iris  and  ciliary  body  may  occur,  or  even  a  sui)purative  panophthalmitis.  In 
the  respiratory  tract  secondary  infection  of  the  injured  mucosa  may  lead  to  a 
purulent  bronchopneumonia. 

The  internal  organs  in  animals  with  mustard  gas  lesions  of  the  skin,  eyes, 
respiratory  or  gastrointestinal  tract  offer  nothing  of  a  specific  pathologic  na- 
ture. There  is  general  congestion,  marked  splanchnic  congestion,  acute  catarrh 
of  the  intestines  and,  in  infected  cases,  some  cloudy  swelling  of  the  kidneys. 

In  fatal  cases  the  cause  of  death  is  to  be  found  in  shock,  secondary  in- 
fection with  toxemia,  or  local  conditions  as  laryngitis,  tracheitis,  bronchitis  and 
bronchopneum.onia.  It  is  also  possible  that  the  entrance  into  the  body  of  shell 
fragments  canying  liquid  dichlorethylsulphide  might  cause  a  relatively  speedy 
death  through  absoq:)tion. 

At  the  site  of  subcutaneous  injections  there  is  found  a  local  eschar  with 
demarcating  hemorrhage,  edema  and  inflammatory  infiltration ;  in  the  large 
veins  into  which  injections  ha^'e  been  made,  no  changes  haVe  been  found  ex- 
cept occasional  thrombosis. 

The  general  patholog}^  of  the  injected  cases  presents  a  specific  pathologic 
picture  in  the  intestinal  tract  in  the  form  of  a  severe  mucoid,  desquamative  or 
necrotic  enteritis,  the  intestinal  epithelium  showing  the  most  marked  hy- 
dropic or  mucoid  degeneration,  even  to  licjuefaction  necrosis.  Similar  changes 
may  be  found  in  the  epithelium  of  the  bile  ducts.  In  the  other  organs  no  patho- 
logic changes  but  congestion  have  been  found,  Avith  the  rare  exception  of  em- 
boli or  thrombi. 

IV.  The  cause  of  death  in  intravenous  and  subcutaneous  injections  would 
appear  to  be  the  direct  action  of  minute  quantities  of  free  dichlorethylsulphide 
or  some  poisonous  product  resulting  from  its  decomposition,  upon  the  cells 
of  the  central  nervous  system.  It  has  been  assumed  that  the  pathologic  action 
of  dichlorethylsulphide  is  due  to  its  hydrolysis  within  the  tissue  cells.  The 
products  of  this  hydrolysis,  hydrochloric  acid  and  dihydroxyethylsulphide, 
when  injected  into  the  blood,  do  not  produce  the  same  effects.  Dihydroxy- 
ethylsulphide and  hydrochloric  acid,  when  injected  into  the  circulation  in  much 
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lai"jL,''er  doses  than  would  rcsull  from  tlic  hydrolysis  of  the  fatal  doses  of  mus- 
tard gas,  are  harmless.  The  effect  ii])on  the  cells  of  the  central  nervous  sys- 
tem may,  however,  dei)end  upon  the  hydrolysis  in  thest-  cells  of  minute  quan- 
tities of  mustard  j^as  in  the  circulation,  or  these  cells  may  be  injured  without 
such  hydrolysis  occurring.  .Tt  is  ])rohal)le  that  the  gastrointestinal  catarrh  re- 
sulting from  the  injections  of  dichlorethylsul])hide  is  secondary  to  the  nervous 
injury,  rather  than  to  an  excretion  of  the  poison  or  [loisonous  products  through 
this  tract.  No  positive  tests  for  dichlorethylsulphide  or  tlihydroxyethylsulphide 
have  been  obtained  in  the  bile,  intestinal  contents,  or  urine.  Incidentally,  it  has 
been  shown  that  the  platinic  chloride-sodium  iodide  color  test  for  dichlorethyl- 
sulphide is  not  applicable  to  the  body  fluids  or  extracts  <jf  various  organs  and 
tissues,  as  similar  color  changes  are  produced  bv  some  of  these. 

V.  The  principles  of  treatment  to  be  applied  to  mustard  gas  injuries  are 
primarilv  those  that  will  remo\e  any  of  the  gas  remaining,  prevent  infection, 
and  promote  healing.  Our  experience  leads  us  to  recommend  the  use  of  Dakin's 
solution  in  irrigation  or  full  baths  for  the  skin  lesions,  and  a  0.5  per  cent  solution 
of  dichloramine-T  for  the  eye  lesions,  and  also  as  a  mouth  wash.  The  fluid  intake 
should  be  forced  when  the  urine  is  concentrated.  Pressure  must  be  removed 
from  all  injured  areas.  Air-exclucHng  and  infection-including  protections,  such 
as  oily  dressings,  paraffin  sprays  and  coatings,  zinc  stearate,  olive  oil,  vaseline, 
etc.,  should  not  be  used,  unless  there  is  an  active  and  persistent  germicidal  agent 
present  as  in  the  case  of  sodium  stearate  impregnated  with  chloramine-T,  or 
the  chlorcosane  solution  of  dichloramine-T. 

VI.  As  to  its  use  in  warfare,  mustard  gas  is  a  disabling  rather  than  a  killing 
agent.  Under  the  actual  conditions  of  the  field  the  great  majority  of  mustard 
gas  casualties  are  likely  to  be  of  a  nature  tending  to  incapacitate  the  injured  for 
service  for  a  number  of  days  or  weeks,  or  even  for  months.  Added  to  this,  the 
insidious  character  of  this  invisible  fire,  painless  and  often  unrecognized  in  its 
action,  makes  mustard  gas  a  potent  factor  in  undermining  the  morale  of  the 
troops  exposed  to  it. 
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EDITORIALS 


Influenza  and  Pneumonia  at  Camp  Grant 

CAP'iWiX   Edwin  F.  Hirsch  and  Teclinician  Marion  AIcKinney  have  made 
a  most  thorough   .study  of  the   influenza  epidemic  at  Camp   Grant.     They 
close  their  report  with  the  f()lh)\ving  summarv  : 

1.  An  epidemic  of  unusual  virulence  swept  with  great  rapidity  through 
several  organizations  in  Camp  Grant  between  September  21,  1918,  and  October 
18,  1918.  During  this  time  9.037  patients  were  admitted  to  the  Base  Hospital, 
representing  about  one-fourth  of  the  strength  of  the  camp,  and  of  these,  26 
per  cent  developed  pneumonia.  About  11  per  cent  of  the  total  admissions,  or 
•43  per  cent  of  the  total  cases  of  pneumonia  died. 

2.  From  the  throat  cultures  of  the  early  admissions  pneumococci  were 
recovered  with  remarkable  constancy,  influenza  bacilli  were  found  exceptionally. 

3.  Postmortem  examinations  of  those  dying  during  the  epidemic  demon- 
strated with  great   regularity  a  massive  bronchopneumonia. 

4.  In  cultures  of  the  diseased  lung,  heart's  blood,  exudates,  fluids,  and 
other  diseased  foci  of  the  body,  pneumococci  were  the  predominating  organisms. 
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5.  In  50  i)ci-  cent  of  the  cases  of  pneumonia,  blood  cultures  demonstrated 
the  presence  of  pneumococci  unmixed  with  other  organisms. 

6.  Pneumococci  in  pure  culture  were  recovered  from  infected  sinuses  of 
the  head,  middle  ears,  conjucti\al  and  empyema  exudates. 

7.  Experimental  inoculatiyn  of  pneumococci  isolated  during  the  epidemic 
into  laboratory  animals,  demonstrated  an  exceedingly  great  virulence  for  these 
organisms. 

8.  Control  throat  cultures  made  from  German  prisoners  in  the  camp,  but 
who  escaped  the  epidemic,  showed  no  pathogenic  organisms. 

9.  The  number  of  German  prisoners  whose  throats  were  cultured  was 
fifty,  and  in  50  per  cent  of  these  pneumococci  were  found,  but  in  onl\-  three 
did  this  organism  prove  pathogenic  to  laboratory  animals. 

10.  All  strains  of  pneumococci  isolated  during  the  epidemic  were  tested  for 
their  virulence  in  white  mice.  Alinimal  quantities  of  24-hour  cultures  were 
found  highly,  lethal  in  susceptible  animals.  Comparatively  small  fractions  of 
24-hour  blood  agar  slant  cultures  were  fatal  to  rabbits  and  guinea  pigs.  The 
virulence  of  these  strains  is  considered  sufficient  to  account  for  the  epidemic. 

11.  One  hundred  ninety-eight  autopsies  studied  bacteriologically  gave  the 
following  results : 

(a)  In  the  Lungs : 

Pneumococcus   pure  89 

Pneumococcus  and  other  organisms  55 

Hemolytic  streptococcus  19 

Other   organisms  4 

Uns-atis factory  and  not  cultured  31 

Total  198 

(b)  In  the  Heart's  Blood: 

Pneumococcus  pure  53 
Hemolytic  streptococcus  23 
Pneumococcus  and  hemolytic  strepto- 
coccus 1 
Other  organisms  2 
Negative  109 
Not  taken  10 

Total  198 

12.  The  types  of  pneumonia  were  distributed  as  follows: 

(a)   In  the  Heart's  Blood: 


Type 
I 
II 
IV 

Number 
5 
45 
17 

Per  cent 

7.46 

67.16 

25.37 

(b)   In  the 

I 

.    II 

III 

IV 

Lungs : 

12 

109 

2 

78 

6. 

54.2 

1. 
38.8 

(c)   In  the 
I 
II 
IV 

S])inal  Fluid  : 

3 
7 
2 

25. 

58.3 

16.7 

KDITOKIAI.S  3r/J 

l.V  'I'lu'   following,'  ail.'  llic  j^moss  patlir)lr)j^nc  cliruif^'cs   f(nmd  in  autoj)sy: 

(a)  lvxtciisi\f  lnuiuliopiicuinDni.i. 

(I))  Siiglit  scrDfilninoiis  ]tk'iiritis. 

(c)  Acute  catarrlial  hroiicliitis  and  tniclifitis. 

(d)  Acute    hyperplasia   of    tlie    spleen,    jjarahronchial, 

mesenteric  and  biliary  lymph   inlands. 

(e)  Marked  cloudy  swelling  of   the   myocardium  and 

the  parenchymatous  organs. 

(f)  Marked  loss  of  the  yellow  of  the  adrenal  cortices. 

(g)  Acute  fatty  changes  of  the  liver  and  kidneys. 

(h)   Multiple  petechial  liemorrhages  of  the  serous  surfaces. 

(i)    Jaundice. 

(j)   Acute  catarrhal  conjunctivitis. 

(k)    Slight  acute  serous  pericarditis. 

(1)     Moderate   generalized   passive   hyperemia. 

14.  Ill  one  hundred  ninety-eight  autopsies,  the  lobes  involved  were  as  fol- 
lows : 

(a)  Left  lower  149 

(b)  Right  lower  141 

(c)  Left  upper  83 

(d)  Right  upper  119 

(e)  Right  middle  81 

—V.   C.   V. 


Notes  on  Influenza 

/XFLl'EXCE  of  Length  of  Service. — The  lataHty  of  the  epidemic  was  greater 
among  those  recently  brought  into  the  service.  This  is  illustrated  by  the 
following  abstract  taken  from  a  report  made  by  Lieut.  AMlson  D.  W'allis  at 
Camp  Lee.  This  report  shows  that  while  those  who  had  been  in  the  service 
less  than  one  month  constituted  only  9.19  per  cent  of  the  total  strength,  they 
furnished  30.11  per  cent  of  the  total  deaths  from  influenza  and  consequent 
pneumonia.  Furthermore,  it  is  shown  that  while  those  who  had  been  in  the 
service  from  one  to  three  months  constituted  45.18  per  cent  of  the  camp,  they 
furnished  4(:).24  per  cent  of  deaths.  On  the  other  hand,  those  who  had  been 
in  the  service  m.ore  than  three  months  constituted  45.63  per  cent  of  the  popula- 
tion and  furnished  only  23.69  per  cent  of  deaths. 

Lieut.  Wallis  says: 

''These  figures  show  a  much  greater  percentage  of  deaths  for  the  first  month 
in  camp  than  the  corresponding  proportion  of  the  population  would  warrant ; 
while  in  the  period  of  three  months  or  more  of  service,  the  percentage  is  less 
tlian  half  of  that  of  the  camp  population  ha\ing  this  length  of  service.  The 
only  approach  to  a  correspondence  is  in  the  period  from  one  to  three  months 
where  the  respective  percentages  differ  but  little.  The  increase  in  length  of 
service  is  accc^npanied  by  a  progressive  decrease  in  the  percentage  of  deaths 
from  30.11  per  cent  to  27.41  per  cent  to  18.87  per  cent,  although  only  9.19  per 
cent  of  the  i>opulation  in  the  camp  falls  within  the  class  of  less  than  one  month's 
service. 

'"The  incidence  of  mortality  is  in  the  first  month's  service  more  than  three- 
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fold  the  percentage  of  the  numl)er  of  men;  and  in  the  period  of  three  months  or 
more  of  service  is  scarcely  more  than  half  of  the  percentage  of  the  number  of 
men  of  the  cami)  in  dial  ^roup." 

The  fact  that  the  case  mortality  is  higher  among  those  who  came  from 
rural  homes  than  among  those  who  came  from  cities,  seems  to  hold  even  after 
three  months  of  scr\ice,  or  more. 

The  34th  Division  which  was  then  in  camp  at  Cody  during  the  ]>receding 
Winter  and  Spring  was  in  Cami)  Dix,  New  Jersey,  when  the  epidemic  broke  out 
in  September,  1918.  This  Division  was  composed  of  fairly  well-seasoned  men, 
but  the  death  rate  in  the  Dixision  was  18.70  per  cent  i)cr  thousand  as  com])ared 
with  that  of  17.21  of  men  from  the  811th  Pioneer  Infantry  composed  largely  of 
those  fitted  only  for  limited  service.  It  is  suggested  by  the  officer  making  the 
report  that  this  is  due  to  the  fact  that  such  a  large  proportion  of  the  34th  Di- 
vision came  from  rural  districts. 

The  case  fatality  at  Camp  Dix  among  those  who  came  from  cities  with  a 
population  of  10,000  or  more,  was  10.8;  while  among  those  who  came  from  more 
rural  homes  the  rate  was  15.8,  although  the  average  service  of  both  groups  was 
the  same. 

Clinical  Features. — The  clinical  features  as  described  by  Majors  Synnott  and 
Clark  of  Camp  Dix  may  be  abstracted  as  follows : 

"The  usual  histoiy  was  one  of  gradual  onset  with  prodromes  for  four  or 
five  days  prior  to  admissions, — consisting  of  headache,  malaise,  backache, 
myalgia,  fever  and  chills  or  chilly  sensations,  and  marked  prostration.  There 
was  a  history  of  anorexia,  and  of  aggravation  of  symptoms,  after  drill  or  ex- 
ercise. Occasionally  the  onset  was  sudden,  sharp  and  severe.  On  admission 
there  was  cough,  often  with  rusty  sputum,  a  temperature  of  103°  F.,  occasionally 
hyperpyrexia,  respirations  of  28  to  30,  pulse  between  80  and  120,  a  low  tempera- 
ture in  a  severe  case  was  an  unfavorable  sign.  The  blood  count  showed  usually 
leucopenia.  The  urine  contained  albumin  and  casts.  The  patients  looked  very 
sick,  but  often  did  not  feel  so.  Few  complained  of  sore  throat  or  the  early 
sticking  pains  in  chest,  aggravated  by  coughing,  so  commonly  observed  in  be- 
ginning pneumonia. 

"The  outstanding  feature  of  the  disease  was  the  extreme  toxemia  noted  in 
the  serious  cases,  ^^'e  could  predict  almost  from  the  first  inspection  the  out- 
come of  each  case.  There  has  been  a  sharp  line  of  demarcation  between  the 
serious  and  mild  cases.  Many  of  the  former  developed  a  cyanosis  early  in  the 
disease  and  died  promptly,  after  periods  varying  from  a  few  hours  to  three 
days  after  admission. 

"The  cyanosis  appeared  early  and  was  progressive.  It  was  a  fairly  con- 
stant and  characteristic  symptom  in  the  severe  cases.  This  intense  cyanosis  was  a 
striking  phenomenon.  The  lips,  ears,  nose,  cheeks,  tongue,  conjunctivfe,  fingers, 
and  sometimes  the  entire  body  partook  of  a  dusky,  leaden  hue.  Frequently  this 
cyanosis  was  apparent  before  there  were  any  demonstrable  physical  signs  of 
pneumonia.  The  cause  could  not  be  ascertained,  a  few  spectroscopic  readings 
failing  to  show  absorption  bands  of  methemoglobin.  As  autopsy  revealed 
marked  so-called  com])ensatory  em])h}-sema  in  these  cases  and  as  cyanosis  is  a 
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common  accomi)aiiinu'nt  of  iMiipliyscina,  po^^-iMy  this  was  in  some  wise  ac- 
countal)le  for  llic  condilioii. 

"The  (li--])arily  Ixtw  ciii  trm|Rraturf  and  i)ulsc  was  striking'.  Patients  with 
lemperaUni-  hi'twciii  104  and  1()'»  not  infref|uc'ntly  had  a  i)ul>e  helow  80. 
'Phis  we  rej^^ard  as  a  slronj^^  i)oint  in  (hfferential  diagnosis  between  these  in- 
fluenzal pneumonias  and  those  of  pure  pneumococcic  origin. 

"The  disease  was  a  \erital)le  ])lague.  Tiie  extraordinar}-  to.xicity,  the  marked 
prostration,  the  extreme  cyanosis  and  the  rapidity  of  development  stamp  thi.s 
disease  as  a  distinct  clinical  entity,  heretofore  not  fully  described. 

"It  is  entirely  different  from  our  previous  [)neumonia  epidemics.  It  is  fair 
to  state  that  it  is  primarily  a  profound,  rai)i(lly  progressing  septicemia  and 
toxemia,  in  which  pneumonia  is  an  important  but  somewhat  secondary  factor." 

Inllucuza  and  Pneumonia  in  the  Year  1917. — Relying  solely  uj)on  the  sick 
and  wounded  cards,  there  was  no  relation  between  influenza  and  pneumonia  in 
1917.  There  are  some  most  competent  medical  officers  who  believed  that  in- 
fluenza was  prevalent  in  an  unrecognized  fonn  in  the  camps  in  the  Fall  of  1917, 
and  that  a  large  percentage  of  the  cases  of  pneumonia  occurring  at  that  time 
were  preceded  or  ushered  in  by  influenza.  This  belief  is  apparently  founded 
upon  the  observations  of  one  or  two  men.  and  can  Ije  proved  or  disproved  in  no 
way  so  far  as  I  can  see. 

Taking  the  sick  and  wounded  cards  for  1917  we  can  construct  the  following 
table : 


Pneumoxi.\  as  .\  Sequel  to  Respiratory   Diseases 
(All  troops  in  United   States  in   1917) 


PRIMARY   DISEASES 


NO.  OF  CASES 


NO.    OF   CASES    FOLLOWED      7c    OF    CASES    FOLLOWED 
BY     PN-EUMONL\  BY     PXELMOXIA 


Measles 

Scarlet   fever 

German  Measles 

Bronchitis 

Influenza 

Meningitis 

Tonsillitis 

T.  B.  pulmonary 

Laryngitis 

Diphtheria 

Mumps 

Pharyngitis 


47,573 
1,966 
8,982 

41,233 

32.248 
1,027 

43,021 
6,799 
4,633 
1,163 

21,725 
8,096 


2,075 

54 

39 

20 

19 

13 

7 

6 

2 

1 

0 

0 


4.37 

2.75 

0.43 

0.(W9 

0.059 

1.27 

0.016 

0.088 

0.043 

0.086 

0.000 

0.000 


In  contrast  to  the  above,  the  following  table  gives  the  numerical  relation 
between  influenza  and  pneumonia  during  the  four  months  of  September,  October, 
November,  and  December,   I^^IS: 


Number  of  cases  of  influenza  338.343 

Number  of  cases  of  influenza  followed  by  pneumonia  50,700 

Number  of  deaths    from  influenza-pneumonia  17,700 
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Ini'i.uknza  ami  r.vHCMoM  \  AS  Rkpokti'D  in  TiiK  Unitki)  Statk.s  ViTAi,  Statistics  i'ok  Each 
Year  Inci,uuinc  and  Since  the  Year  1900 


ANNUAL    DEATH 

RATES    ERO.M 

YEAR 

PNEUJvIONIA 

INFLUENZA 

COMBINED 
DISEASES 

1900 

158.6 

22.8 

181.4 

1901 

133.5 

32.2 

167.7 

1902 

124.7 

10.1 

134.8 

1903 

122.6 

18.5 

141.1 

1904 

136.3 

20.2 

156.5 

1905 

115.7 

18.8 

134.5 

1906 

110.8 

10.3 

121.1 

1907 

120.8 

23.3 

144.1 

1908 

98.8 

21.3 

120.1 

1909 

96.3 

13.0 

109.3 

1910 

147.7 

14.4 

162.1 

1911 

133.7 

15.7 

149.4 

1912 

132.3 

10.3 

142.6 

1913 

132.4 

12.2 

144.6 

1914 

127.0 

9.1 

136.1 

1915 

132.7 

16.0 

148.7 

1916 

137.3 

26.4 

163.7 

Bpidciiiic  of  Influenza  in  1915-16. — During  the  3'ear  1916,  as  is  seen  from 
the  table,  the  annual  death  rate  from  influenza  as  reported,  reached  the  rate  of 
26.4  per  100,000.  The  literature  of  that  time  shows  that  this  epidemic  originated 
in  the  West,  first  attracted  attention  in  Denver,  and  gradually  spread  over  the 
country. 

Dr.  Dublin  of  the  Metropolitan  Life  Insurance  Company  gives  the  following 
table  in  which  the  deaths  from  influenza  and  pneumonia  during  the  months  of 
December,  1914,  and  January,  1915,  are  compared  with  deaths  from  the  same 
cause  during  the  months  of  December,  1915,  and  January,  1916: 


Deaths  Reported  as  Due  Deaths  Reported  as  Due 

TO  Influenza  to  Pneumonia 

name  of  city      In  15-16  In  14-1:''  In  15-16  In  14-15 


Baltimore 

57 

12 

219 

101 

Cincinnati 

81 

2 

105 

84 

New   Orleans 

97 

44 

35 

29 

New  York 

494 

62 

2067 

1207 

Philadelphia 

324 

62 

564 

272 

Providence 

38 

3 

31 

31 

total 

1091 

185 

2021 

1733 

Dr.  Dublin  states  that  the  Industrial  Department  of  the  Metropolitan  Life 
Insurance  Company  covering  the  entire  country  and  embracing  ten  millions  of 
people,  had  deaths  in  the  periods  above  mentioned  as  follows: 

In  December,  1914,  and  January,  1915 
the  number  of  deaths  attri'l)uted 
to  influenza  was  165 
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\\  lilli-  in  llir  ((Hiisiii  Jiidiiiu  ru'iiuli-,  nf 
I'M.T-ld,  till-  (IcalliN  ;illiil)iiU-(l  tu 
iiitltii'iizii  wiTc  957 

The  (k-atlis  attriliiitcd  to  iniciimoiiia  in 
DrccmliiT,  1914,  and  January,  1915, 
were  '  1468 

While  tlir  iiuniliL-r  of  dcallis  atLrilmtcd 
til  tlu'  same  cause  in  December, 
1913,  and  January,   1916,   was  2563 

(.\)ff(.'\-  ;iii<l  (itluTs  \\:[\v  vei)(jnc(l  ;in  fi>i(lcinic  of  influenza  at  Worcester, 
Arassachusclt>,  during;  the  lii">t  tliree  \veck>  of  January,  19l0.  I)uring  the  first 
three  weeks  of  jamiary,  I'M  3,  there  were  reported  in  the  city  of  Worcester, 
twenty-two  (K'aths  from  respiratory  diseases,  makinj(  a  total  of  14.9  per  cent 
of  the  total  death-.  In  the  same  period  of  1916  there  were  reported  in  the  city 
of  Worcester,  ninet\ -three  deaths  from  acute  respiratory  diseases  in  the  same 
population. 

The  Krlatiou  of  Iufl\icuca  and  Antityphoid  Vaccination  Reactions. — In 
a  i^eneral  way  se\  ere  reactifins  of  antityphoid  vaccinations  resemble  in 
symptomatology,  influenza.  This  led  t(j  the  suspicion  on  the  part  of  many  medical 
officers  that  anlit}phoid  vaccinations  in  some  way  increased  the  susceptibility 
to  influenza.  Indeed,  some  went  so  far  as  to  say  that  antityphoid  vaccination 
caused  inlluenza.  On  account  of  this  suggestion,  antityphoid  vaccination  was 
discontinued  for  a  time  after  the  appearance  of  the  epidemic  of  influenza  in  the 
Fall  of  1918.  There  were,  therefore,  entire  organizations  in  which  antityphoid 
vaccination  was  not  practiced.  These  organizations  suffered  quite  as  severely 
as  those  whicii  submitted  to  the  vaccination. 

The  following  is  an  abstract  from  a  report  made  by  the  Camp  Surgeon  at 
Grant : 

"The  organizations  which  suffered  most  severely  were  the  5th  Limited 
Service  Regiment,  the  1st  Training  Unit  and  the  13th  Training  Battalion.  These 
organizations  practically  were  m.ade  up  of  the  September  increments.  Inocula- 
tions of  new  recruits  were  discontinued.  None  of  the  men  of  the  13th  Training 
Battalion  receix'ed  inoculations  and  still  3.9  per  cent  of  this  command  died  of 
pneumonia  following  this  disease.  The  difference  in  mortality  rate  between  the 
5th  Limited  Service  Regiment,  the  1st  Training  Unit  and  the  13th  Training 
Battalion,  is  slight ;  but  the  difference  between  these  three  organizations  and  the 
others  is  well  marked.  That  the  new  recruit  is  more  susceptible  to  this  disease 
and  is  more  apt  to  succumb  than  the  man  who  has  been  trained  and  accustomed 
to  army  life,  there  is  no  doubt." 

—V.  C.  V. 


Pulmonary  Tuberculosis  and  Postural  Treatment 

II    was  pointed  out  b\-  Webb,  Gilbert  and  Forster  that  the  victim  of  pulmonary 
tuberculosis  was  not  infrequently  observed  resting  and  sleeping  on  the  side 
of  the  least  diseased  lung.     The  more  actively  tuberculous  lung  would  then  be 
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ui)[)erm()st    and    so   throus^h    nian\'    loiij^-   hours   be   responsible    for   most   of    the 
aeration. 

Tliese  workers  found  it  of  undoubted  \abie  lo  train  the  consumptive  to 
sleep  and  rest  on  the  side  of  the  more  actively  tuberculous  organ. 

Colonel  G.  E.  Bushnell,-,  M.C.,  U.  S.  Army,  called  the  attention  of  the 
writer  to  an  observation  easily  made  with  the  fluoroscope.  With  a  subject 
lying  on  one  side  and  the  x-ray  apparatus  properly  adjusted  the  nio\enients  of 
the  diaphragm  and  thorax  can  be  readily  studied. 

It  is  noticed  that  the  u])i)er  ribs  of  the  recumbent  side  are  pressed  together 
and  that  there  is  liltic  motion  of  this  j^art  of  the  chest  wall.  Below,  however, 
the  diaphragm  is  noticed  to  make  a  far  greater  sweep  on  the  recuml)ent  than 
on  the  upper  side. 

If  the  tuberculous  lesions  are  limited  to  the  upper  lobe  as  is  usually  the 
case  or  even  should  they  extend  to  the  apex  of  the  lower  lobe,  rest  of  the  in- 
dividual lung  by  posture  w'ould  certainly  be  indicated.  In  addition  the  more 
rapid  flow  of  lymph  produced  by  the  greater  movement  of  the  diaphragm  on 
the  recumbent  side  would  tend  to  safeguard  the  lower  lobe  from  tuberculous 
involvement. 

Positive  basal  lesions,  rare  except  in  advanced  pulmonary  tuberculosis  would 
conceivably  be  harmed  by  such  postural  therapy. 

The  simple  question  of  the  side  preferred  for  rest  and  sleep  has  never 
been  properly  studied  in  regard  to  the  pneumonias,  bronchiectases  and  other 
chest  conditions. 

The  study  of  the  chest  movements  in  different  postures  by  means  of  the 
fluoroscope  is  w^orth  the  while  and  the  time  of  all  clinicians  who  interest  them- 
selves in  pulmonary  conditions. 

—G.  B.  W. 
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THE  DIAGNOSIS  OF  ACIDOSIS^^ 

A  Re\ie\\'  axd  CRITICIS^[  of  the  Methods  at  Present  ix  Use 


By  J.  J.  R.  ]\Iacleod,  M.B.,  Toronto,  Canada 


THERE  has  been  some  confusion  in  medical  literature  concerning  the  exact 
meaning  of  the  term  "acidosis,"  so  that  it  will  be  advantageous  to  preface 
our  discussion  of  the  subject  with  a  brief  review  of  the  work  upon  which  the 
present-day  definition  is  based.  The  discoveries  that  large  quantities  of  oxybutyric 
and  oxyacetic  acids  are  excreted  in  the  urine  of  patients  suffering  from  dia- 
betic coma,  and  that  there  is  a  general  similarity  between  the  symptoms  of  this 
condition  and  those  which  follow  the  intravenous  injection  of  strong  acids 
(acid  intoxication)  in  laboratory  animals,  were  primarily  responsible  for  the 
adoption  oi  the  term.  In  seeking  earlier  signs  of  acidosis  than  the  actual 
symptoms  of  coma,  however,  examination  of  the  urine  for  oxybutvric  and 
acetoacetic  acids  or  their  oxidation  product,  acetone,  was  found  to  be  of  un- 
certain \alue.  since  these  substances  might  also  appear  in  decidedlv  large 
amounts  in  the  urine  of  nondiabetic  individuals.  During  starvation,  for  ex- 
ample, either  complete  or  involving  carbohydrate  foods  alone,  acetonuria  was 
frequently  met  with,  which  made  it  clear  that  the  excretion  of  acetone  bodies 
could  not  in  itself  be  taken  as  a  reliable  indication  of  impending  acidosis. 

It  was  attempted  therefore,  to  develop  methods  of  diagnosis  depending, 
not  on  the  detection  of  the  particular  acids,  but  on  the  effects  which  might  be 
produced  by  the  accumulation  in  the  organism  of  acids  in  general. 

In  the  hrsi   place   it   was   natural   to   expect   that    the   blood   would  become 
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less  alkaline  as  the  result  of  the  acid  production,  and  attempts  were  therefore 
made  to  measure  the  alkalinity  of  the  blood  by  titrating  with  standard  acid 
until  the  point  of  neulrahly  was  reached,  as  judged  by  the  change  of  tint  of 
some  indicator.  It  was  hoped  that  the  values  obtained  by  this  method  would 
indicate  in  the  l)lood  of  cases,  threatened  with  acidosis,  the  presence  of  more 
acids  than  in  normal  l)l()od;  that  is,  that  a  smaller  amount  of  standard  acid 
would  require  to  be  added  to  the  former,  than  to  the  latter  blood,  in  order  to 
cause  the  tint  of  some  indicator  to  change.  Although  with  certain  modifica- 
tions this  method  is  theoretically  sound,  it  was  found  to  have  little  practical 
value,  partly  because  it  requires  large  amounts  of  blood,  and  partly  because  the 
coloring  matter  has  to  be  removed  before  the  test  can  be  applied.  Moreover, 
it  came  to  be  recognized  that  the  amount  of  added  acid,  with  the  indicators 
ordinarily  used,  would  represent,  not  only  the  basic  constituents  that  combine 
with  acids  in  the  quantities  in  which  these  could  be  produced  in  the  organism, 
even  under  abnormal  conditions,  but  also  those,  like  proteins  and  phosphates, 
that  might  be  called  upon  to  functionate  as  bases  when  the  limits  of  acidity 
compatible  with  life  were  greatly  overstepped. 

It  became  necessary  to  seek  for  some  other  type  of  reaction  which  acids 
might  set  up  in  blood,  and  the  well-known  effect  which  these  have  in  expelling 
carbon  dioxide  from  its  combinations  with  alkalies  was  investigated  (Walter). 
It  was  found  by  experiments  on  animals  that  a  marked  diminution  in  the  CO2 
content  of  blood  was  induced  by  intravenous  injections  of  acids,  and  the  same 
was  observed  to  be  the  case  in  the  blood  of  patients  in  diabetic  coma  (Naunyn).^ 
In  the  light  of  more  modern  research,  by  which,  as  we  shall  see  later,  the 
delicacy  and  accuracy  of  this  method  is  fully  justified,  it  is  somewhat  surpris- 
ing that  it  did  not  receive  more  extensive  application.  One  serious  difficulty 
stood  in  the  way,  namely,  the  technic  of  the  estimation. 

The  next  step  depended  on  the  discoveries  of  Haldane  and  Priestley-  that 
the  percentage  of  CO,  in  the  alveolar  air  of  normal  individuals  at  atmospheric 
pressure  is  remarkably  constant,  and  of  Krogh  that  the  amount  of  free  CO2 
in  the  arterial  blood  is  very  nearly  the  same  as  that  in  the  alveolar  air.  These 
facts  led  Haldane  and  his  collaborators  to  formulate  the  hypothesis  that  the 
alveolar  CO,  must  be  proportional  to  the  relative  amounts  of  carbonic  and  of 
other  (fixed)  acids  in  the  blood,  and  that  when  the  latter  are  increased  there 
must  be  a  compensatory  decrease  in  the  former,  provided  the  control  of  the 
respiratory  function  is  normal.  The  first  application  of  this  principle  on  path- 
ologic acidosis  was  made  by  Beddard,  Pembrey  and  Spriggs,^  who  examined 
the  alveolar  CO2  in  diabetic  patients,  with  the  result  that  a  vety  pronounced 
diminution  was  found  whenever  the  comatous  condition  existed  or  was  threat- 
ened. The  rationale  of  this  method  and  its  limitations  we  shall  discuss  later; 
for  the  present  it  may  be  stated  that  the  alveolar  CO2  may  also  be  depressed 
in  other  diseases,  particularly  nephritis,  as  well  as  in  normal  persons  whenever 
acids  accumulate  in  the  organism  as  a  result  of  deficient  oxidation  in  the  tissues 
(Haldane,  etc.). 

Clearly,  therefore,  the  term  acidosis  must  not  be  confined  to  cases  of  dia- 
betic  coma.     On   the   other   hand   the   common   appearance  of   acidosis   in  this 
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disease,  ci)ii|ili<l  wiih  tlic  I'.u  i  that  in  it  llu-  ;ui(ls  arc  of  a  type  that  is  fliffercnt 
from  that  IiuiikI  in  iir|ilii  it  i^,  oi-  <luiiii},c  partial  asphyxiation,  makes  it  impor- 
laiU  that  ><mu'  term  should  l.c  set  aside  to  desif^nate  the  diabetic  condition. 
Since  the  acids  are  closely  related  to  ketones  (acetones)  in  chemical  struc- 
ture, the  term  "ketosis"  has  been  suj^gc^ted,  and  is  f^radualiy  coming 
into  general  use.  Ketcjsis,  therefore,  means  the  iovm  of  acidosis  that  is  caused 
by  the  appearance  of  kelonic  acids  in  the  or^aiii--m.  (Jtlier  forms  of  acidosis 
haw  not   as  yet   Keen   (liL^nitii-d   l)\'   >iiecial   names. 

Tlie  remarkably  lapid  de\e]o])nient  of  our  knowledge  of  this  subject  dur- 
ing rect'iit  \-ears,  coupled  with  it>  dciiendeiue  n[M)n  certain  fundainental  prin- 
ciples of  physical  chemistry,  has  made  it  \ery  dirfuult  for  those  of  the  medical 
profession  who  ha\e  been  out  of  college  for  se\eral  years  to  appreciate  tiie 
full  significance  and  xalue  of  closely  obscr\ing  the  neutrality  regulation  in  the 
animal  body  in  order  that  incipient  states  of  acidosis  may  be  detected.  I  will 
therefore  attempt  to  review  very  briefly  these  fundamental  principles,  and  to 
explain  the  various  tests  by  which  alterations  in  the  reaction  of  fluids  in  general 
may  be  detected. 

In  the  first  place  we  must  clearly  understand  what  is  meant  1a'  an  acid 
such  as  HCl,  and  an  alkali,  or  base,  such  as  NaOH.  A\'hen  the  molecule  of 
either  of  these  chemicals  is  dissolved  in  water  it  splits,  or  dissociates,  into  two 
portions  called  ions  ;  in  the  case  of  HCl,  for  example,  ions  of  H  and  CI  are 
formed,  and  in  the  case  of  NaOH,  Na  and  OH.  Moreover,  each  of  the  ions 
carries  an  electric  charge,  and  this  is  always  of  opposite  sign  for  the  two  ions 
composing  the  molecule.  The  sign  of  the  electric  charge  for  the  H  ion  and 
all  metals  is  positive,  and  that  of  CI  and  all  acid  groups  is  negative.  Since,  as 
is  well  known,  unlike  electricities  attract  each  other,  this  means  that  the  posi- 
tive ions  like  H  would  be  attracted  towards  the  negative  pole  or  cathode  of 
a  pair  of  electrical  terminals,  between  which  a  current  is  passing,  placed  in  the 
solution.  They  are,  therefore,  called  cations,  and  for  the  same  reason  the 
negative  ions  are  called  anions.  To  indicate  these  electrical  charges,  a  dot  is 
used  for  positive,  and  a  dash  for  negative,  thus,  H'  and  CI'. 

But  what,  it  may  be  asked,  have  these  jirinciples  of  electrolysis  to  do  with 
the  question  of  reaction?  The  answer  is  that  it  is  the  presence  of  free  H'ions 
that  determines  the  acidity  of  a  solution.  If  we  examine  the  formula  of  all 
known  acids  it  will  be  seen  that  they  have  hydrogen  in  some  displaceable  or 
dissociable  form  in  the  molecule,  and,  furthermore,  if  we  measure  the  aciditv. 
as  judged  by  the  common  standards  of  this  property,  such  as  the  abilitv  to  dis- 
solve metals,  the  acid  taste,  the  power  of  inverting  sugars  and  starches,  and 
so  forth,  we  shall  find  that  it  runs  parallel  with  the  dissociabilitv  of  the  H  ion 
from  the  rest  of  the  acid  molecule.  The  H'ions  present  in  a  free  state  in  the 
solution  must,  therefore,  be  an  accurate  measure  of  its  acidity.  This  leads  us 
to  expect  that  the  i)resence  of  free  OH'  ions  must  be  a  measure  of  alkalinity. 
smce  we  know  that  when  an  acid  and  a  base  are  brought  together,  the  one 
neutralizes  the  other  by  a  reaction  which  consists  essentially  in  the  combina- 
tion H-   and  OH'   ions   to   form   H.,0.     This  removes  the  ions   from  the   free 
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State  and  so  locks  thcni  up,  because  molecules  of  water  practically  do  not 
dissociate. 

We  have  learned  two  fundamental  j)rinciples,  namely,  that  the  standard  of 
perfect  neutrality  must  be  where  H'  and  OH'  ions  exactly  balance  each 
other,  and  that  tiie  true  acidity  of  a  solution  will  be  represented  by  the  excess 
of  free  H*  ions  over  OH'  ions,  that  is,  by  the  H*-ion  concentration  (Ch). 
But  we  can  go  further,  for  not  only  may  the  acidity  be  expressed  in  terms  of 
Ch,  but  so  also  may  the  alkalinity.  Why  should  this  be?  It  is  clear  that  the 
most  strictly  neutral  solution  must  be  pure  water,  in  which  H*  and  OH'  ions 
are  exactly  counterbalanced.  Nearly  all  of  the  H*  and  OH'  are  combined  in 
an  undissociated  molecule  H.O.  luit  not  all.  for  even  in  the  purest  water  a 
slight  degree  of  dissociation  occurs,  giving  us  therefore  H*  and  OH'  ions. 
When  the  concentrations  of  the  two  ions  are  multiplied  together  the  product 
is  1.2x10"",  which  means  that  there  are  1.2  gram  molecules  of  hydrogen  (or 
its  equivalent)  present  in,  10,000,000,000,000  liters.  Since  the  concentrations 
of  H'  and  OH'  ions  are  equal,  the  H'ion  must  therefore,  be  1.2x10',  which  means 
that  this  ion  is  present  so  as  to  form  a  .000,000,12  N  solution  is  1.2  gm.  H*  in 
10,000,000  liters. 

When  some  acid  is  added  to  the  water  the  con.  of  H'ions,  of  course,  rises, 
but,  and  this  is  the  fundamental  point  to  bear  in  mind,  the  con.  of  OH'  ions 
correspondingly  falls  so  that,  as  in  pure  water,  the  product  of  the  tzvo  concen- 
trations is  again  1.2x10"^^  However  acid  or  alkaline  a  solution  may  be,  the 
product  of  the  concentrations  of  the  H"  and  OH'  ions  is  always  the  same. 
Clearly  then  zve  may  express  the  reaction  even  of  alkaline  solutions  in  terms 
of  the  H  ion  concentration.  Whenever  this  is  greater  than  1.2x10"',  the  re- 
action is  acid,  but  when  it  is  less  than  1.2x10"",  the  reaction  is  alkaline."  It 
is    usual    to    abbreviate    the    expression    hydrogen-ion    concentration    into    Cn.f 

These  considerations  lead  us  to  seek  for  methods  by  which  Ch  may  be  meas- 
ured. These  are  two  in  number,  namely,  the  electrical  and  colorimetric.  Con- 
cerning the  former,  suffice  it  to  say  that  it  consists  in  measuring  the  voltage  or 
electric  force  set  up  in  a  battery  of  which  one  electrode  is  pure  hydrogen  gas 
in  intimate  contact  with  the  solution  whose  Ch  we  desire  to  measure,  and  the 
other  electrode  is  one  of  known  voltage,  such  as  the  so-called  calomel  electrode. 
The  rate  of  diffusion  between  the  free  H*  ions  in  the  solution  and  the  H  which 
constitutes  the  one  electrode,  is  naturally  dependent  upon  the  concentration  of 
free  H*  ions,  and  it  is  on  this  that  the  development  of  electric  force  depends  at 
this  electrode.  Consequently  since  everything  else  is  constant  in  the  battery,  the 
total  electromotive  force  must  be  proportional  to  the  Ch  of  the  unknown  solution. 

The  colorimetric  method  is  much  simpler,  but  not  so  delicate.  It  dejiends 
on   the    fact   that   certain    indicators    change    in    tint    in    proportion    to    Ch-      In 


*The  exact  value  of  1.2  varies  with  tem|u-rature.  Wlien  Cit  becomes  greater  than  that  of  neu- 
trality the  number  \.2  becomes  greater,  and  if  the  change  lie  beyond  10  the  characteristic  f/)  becomes 
less. 

fFor  convenience  of  expression  it  is  usual  to  design.itc  the  H-ion  concentration  liy  I'u  instead 
of  Ch.  Ph  is  obtained  by  finding  the  logarithm  of  the  number  of  gram  molecules  of  II  (i.e..  1.2  in  the 
above  example),  and  subtracting  this  from  the  characteristic  (i.  e.,-7  in  the  above  example).  Since  the 
minus  sign  is  understood  Pii  increases  in  magnitude  as  the  IT-ion  concentration  (e.xpressed  by  Cii) 
decreases.  In  the  present  article  Cii  is  used  because  its  use  is  less  confusing  in  a  general  discussion  of 
the  acidosis  problem. 
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tilratiiii;  M)IulionN,  such  as  the  stomach  coiitenls,  for  the  dej^rce  of  acidity,  the 
impression  is  apl  to  hi'  fonm-d  that  the  tint  changes  suddenly  at  the  neutral 
point.  This  is  mil  the  ca>c  hourscr,  for  if  the  titration  he  flone  hy  very  small 
additions  of  acid  or  .alkali  ahoiit  tin-  nfuti-al  point,  it  will  ho  found  that  there 
is  :i  line  ^i;id.itiiin  from  ihr  ty])ic.al  acid  color  t(j  the  ty[>ical  alkaline  color. 

The  ix.icl  C\i  .at  which  indicators  change  in  tint  varies  with  the  indicator. 
Thus  phcnolphth.alcin,  which  is  uscrl  in  certain  titrations  of  stomach  contents, 
changes  in  tint  at  .a  much  lowa-r  Ch  than  methyl  orange  or  litmus,  and  with 
none  of  ilu-sc  indicators  docs  ihc  point  of  change  occur  at  a  Ch  of  1.2/10", 
so  th.at  tlu'}  arc  unsuilalilc  foi'  measurement  of  the  Ch  of  solutions  that  are 
nearly  neutral.  I'ortunatcly,  however,  such  indicators  exist,  the  best  known 
of  which  .are  sulphophenoli)hthalein,  rosolic  acid,  and  neutral  red.  If  therefore 
we  take  .a  scries  of  solutifjns  having  slightly  variable,  but  known,  Ch  about 
the  neutral  point,  .and  add  to  each  a  drop  of  (jne  of  the  latter  indicators,  we  shall 
obtain  a  scries  of  graded  tints,  and  the  tint  will  be  proportional  to  the  Ch. 
The  preparation  of  the  standard  solutions  is  not  a  difficult  matter,  provided 
ordinary  {jrccautions  are  t.aken.  Mixtures  of  acid  and  l)asic  phosphates  in 
varying  proportions  are  most  practical.'  The  resulting  mixtures  should  be 
measured  electrometrically  for  accurate  work.  In  order  to  determine  the  Ch 
of  an  unknown  solution,  some  of  it  is  placed  in  a  hand  glass  test  tube  and  an 
amount  of  suitable  indicator  is  added  so  that  the  proportion  of  indicator  to 
solution  is  the  same  as  in  the  standards.  The  tint  of  the  standards  with  which 
the  tint  of  the  unknown  matches  is  then  ascertained  and  this  gives  Ch-  \\  hen 
the  colorimetric  method  is  employed  for  blood,  it  is  of  course  necessar}'  to  get 
rid  of  the  blood  pigment  and  also  of  the  proteins  since  these  interfere  with  the 
reaction.  This  is  accomplished  by  jilacing  a  few  cubic  centimeters  of  blood 
in  a  dialyser  in  the  shape  of  a  collodion  tube,  and  suspending  this  in  neutral 
physiologic  saline.  The  saline  soon  assumes  the  same  Ch  as  the  blood,  and 
this  can  be  measured  liy  the  above  described  method. 

When  Ch  of  the  blood  is  measured  by  one  or  other  of  these  methods  the 
significant  fact  is  revealed  that  it  is  practically  always  the  same,  and  is  not  far 
removed  from  that  of  pure  water;  at  38°  C.  Ch  equals  0.4x10'".  Even  in  severe 
cases  of  diabetic  ketosis,  an  increase  in  Ch  becomes  perceptible  only  in  the  final 
stages  of  the  condition.  Clearly,  therefore,  even  the  slightest  increase  in  Ch 
is  incompatible  with  life,  and  Ch  of  the  blood  must  be  considered  as  a  physio- 
logic constant.  It  is  greatly  more  so  than  body  temperature  or  blood  pressure, 
so  th.at  its  measurement  can  be  of  little  practical  value  in  the  clinic,  and  the 
question  arises  as  to  how  the  early  stages  of  changes  that  might  ultimately  end 
in  death  from  an  increase  in  Ch  may  be  detected.  To  answer  tliis  question  we 
must  study  the  nature  of  tJic  iiiccIiaiiisDi  by  zchich  Jiciitrality  is  maintained  in 
the  oriianisin;  in  other  words  why  it  should  be  the  case  that  large  quantities 
of  acid  can  be  produced  in  the  body,  as  in  diabetes,  without  any  perceptible 
change  in  Ch- 

V.hen  even  a  trace  of  acid  is  added  to  water  or  an  isotonic  solution  of 
sodium  chloride,  a  \ery  pronounced  change  occurs  in  Ch,  but  it  requires  ever 
so  much  more  acid  to  produce  any  perceptible  change  in  the  case  of  blood.     For 
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cxani|)lo.  using  the  colorimclri.c  nicthocl  Id  us  observe  the  change  in  tint  produced 
by  adding  a  drop  of  weak  HCl  to  water  containing  sulphophenolphthalein  and 
then  see  how  much  of  the  same  acid  must  be  added  to  bring  about  a  similar 
change  of  tint  in  a  dialysate  of  lilood.  It  takes  very  much  more.  Clearly  the 
blood  contains  something  which'  as  it  were  soaks  up  the  added  H  ions.  This  has 
been  called  the  buffer  action  of  blood,  or  better  still,  the  tampon  action.  The 
question  is,  to  what  is  this  buifer  action  due?  A  clue  is  furnished  by  using  so- 
lutions of  phos])hates.  For  example,  if  we  take  a  solution  containing  alkaline 
aiid  acid  phosphates  in  such  pro])ortion  that  Ch  is  the  same  as  that  of  blood,  and 
then  add  acid,  we  shall  find  that  ever  so  much  more  has  to  be  added  than  is  the 
case  of  water.     The  same  is  true  of  solutions  of  bicarbonate. 

This  property  of  phosphate  has  been  carefully  studied  by  L,.  J.  Henderson,^ 
to  whose  brilliant  researches  we  are  primarily  indebted  for  the  recent  develop- 
ment of  our  knowledge  in. this  whole  question.  Henderson  found  that  weak 
acids  like  acid  phosphate  and  carbonic  acid  possess  the  property  of  holding  the 
H-ion  concentration  nearly  constant,  i.e.,  of  acting  as  buffers,  when  they  are  pres- 
ent in  solutions  containing  an  excess  of  their  salts.  Now,  in  so  far  as  the  blood 
plasma  is  concerned,  it  is  not  phosphates,  but  rather  bicarbonates  to  which  the 
buffer  action  must  be  due,  and  as  a  matter  of  fact  it  has  been  found  that  Ch  is 
directly  proportional  to  the  ratio  existing  between  COo  in  solution  as  H2CO3 

and   soditmi  bicarbonate   NaHCO,,   multiplied  by  a   constant ;  or,   expressed   in 

TT  nr\ 

chemical    notation,   Ch   =  the   molecular  ratio 1 '— .     This   ratio  is    ^^o; 

NaHCO, 

and  we  may  define  acidosis  as  any  condition  \n  which  the  proportion  between 
HoCOs  and  NaHCOy  becomes  greater  than  1:20.  It  must  be  clearly  understood 
that  this  applies  only  to  isolated  plasma,  for  when  whole  blood  is  used,  other  sub- 
stances come  into  play  in  maintaining  neutrality ;  the  phosphates,  for  example, 
though  practically  absent  from  plasma,  are  nevertheless  present  in  the  corpus- 
cles through  the  envelopes  of  which  diffusion  more  or  less  readily  occurs,  so  that 
they  serve  as  a  reserve  buffer.  Proteins  also  may  serve  either  as  weak  acids  or 
alkalies,  and  therefore  neutralize  quite  decided  quantities  of  added  acid  or  al- 
kalies.    But  for  practical  purposes  we  may  regard  the  buffer  agency  as  being 

the  ratio  - 5 and  the  problem  of  finding  practical  means  for  the  detection 

NaHCO-j 
of  threatened  acidosis  now  narrows  itself  down  to  a  study  of  the  behavior  of 

this  ratio. 

Suppose  that  some  fixed  acid  were  added  to  a  buffer  solution  containing  bi- 
carbonate. It  would  react  wdth  NaHCO.,  to  form  a  neutral  salt  of  the  acid, 
and  consequently  set  free  some  HXO:^,  that  is,  it  would  diminish  the  denomi- 
nator but  increase  the  numerator  of  the  equation  ^/^o-  The  increase  in  Ch 
would  not  be  proportional  to  that  of  the  added  acid,  on  account  of  the  buff'er 
mechanism  (because  HoCO;,.  does  not  dissociate  well)  but  it  would  nevertheless 
increase  somewhat  just  as  any  kind  of  buff'er  takes  up  most,  but  not  all,  of  a 
force  applied  to  it.  This  indicates  that  if  tlie  foreign  acid  were  being  added  con- 
tinuously, as  would  be  more  or  less  the  case  in  pathologic  acidosis,  Ch  would 
rise  in  spite  of  the  buffer  unless  some  method  existed  for  decreasing  the  numera- 
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\nv  (if  the  (■(|uati()H,  i.e..  {.,'ftliii}.;  lid  of  li.A'n,.  'I'liis  is  one  of  the  functions  of 
the  lunf,f>,  ihe  C(  )..  e.xcrciiim  through  whiih  rnu.st  therefore,  be  considered  as  a 
necessav)'  pari  of  the  neiiliahty  mechani>m  of  the  body.     The  COj  is  got  rid  of 

iiiilil    the   ratio = ^coiiU'^   hack    to   il->   old   le\el    of   ^•.,1.  Hut   now,   much   of 

.\aHC(;, 

the   .\alR'().  ha\ing  been  u>ed  up  lo  combine  with  tlic  foreign  acid,  the  actual 

amount   i)resenl   is  much   less  than  before.     This  means  that   the   H^CO-,   must 

also  be  less,  that  is,  the  CO^.  in  a  free  state  in  the  blood  ])lasma.     Xow.  since  as 

we  have  seen,  the  pulmonary  epithelium  permiits  the  free  COo  of  the  blood  to 

dififuse  rcadil\-  through  it.  it  follows  ///(//  the  pcrcciituf/c  of  CO.^  in  the  alveolar 

air  must  be  a  measure  of  the  available  NaHCO^  in  the  blood.     To  repeat,  for 

this  is  the  fundamental  concej^tion  of  the  whole  acidosis  problem,  since  Ch  re- 

HXO3 

mains  constant  in  llie  blood  the  ratio  ^.   ^Tr^r^    must  also  remain  at  its  normal 

XaHCO.j 

value  of  ^{.o,  and,  therefore,  if  NaHCOa  declines,  HoCO.,  must  decline  propor- 
tionately, and  since  this  diffuses  as  CO2  into  the  alveolar  air,  the  percentage  of 
this  gas  in  the  latter  must  be  proportional  to  the  degree  to  which  foreign  acid  can 
be  added  to  the  blood  without  perceptibly  changing  Ch,  in  other  words  it  must  be 
proportional  to  the  reserve  alkalinity. 

One  other  factor  must  clearly  come  into  play  to  permit  of  the  smooth  oper- 
ation of  the  abo\e  mechanism,  namely,  the  rate  of  pulmonaiy  ventilation  must  be 
adapted  to  the  amount  of  CO.,  that  has  to  be  eliminated.  This  adaptation  de- 
pends on  the  respiratory  center,  the  activity  of  which  is  preeminentlv  dependent 
upon  the  acid  base  equilibrium  in  the  blood. 

It  is  commonly  taught  that  the  thing  that  really  stimulates  the  respiratory 
center  is  not  the  CO.  itself,  but  the  slight  increase  in  Ch  which,  as  explained 
abo\e,  inevitably  occurs,  in  spite  of  the  buffer  action.  This  is,  however,  probablv 
an  incorrect  view,  for  R.  W.  Scott,®  working  in  my  lalx)rator\',  has  found  that 
COo  itself  can  excite  the  center  quite  independently  of  the  H-ion  concentration 
of  the  blood.  Thus  Scott  found  after  injecting  sodium  carbonate  into  decere- 
brate cats  until  the  Cn  was  very  decidedly  lowered,  that  a  subsequent  increase  in 
the  free  CO^  of  the  blood  excited  respiration  almost  to  the  same  degree  as  would 
have  been  the  case  when  the  Ch  of  the  blood  was  the  normal,  and  furthemiore, 
that  when  this  excitement  occurred,  the  blood  was  still  markedly  alkaline. 

So  long  then  as  the  center  responds  immediately  to  the  slight  excess  of  free 
COo  this  is  got  rid  of,  and  the  normal  ratio  between  HXO3  and  XaHCO.^  is 
reestablished.  If  the  sensitivity  of  the  center  should  be  below  par,  however,  then 
COo  might  accumulate  in  the  body  and  Ch  consequently  rise.  As  a  matter  of 
fact,  even  in  health,  it  seems  to  be  established  that  the  excitability  of  the  center 
may  vary,  as  for  example,  in  relationship  to  the  amount  of  oxygen  in  the  blood 
supplying  it.  and  in  disease  there  can  be  no  doubt  that  such  variations  in  ex- 
citability occur.  And  since  we  know  that  the  activities  of  this  center  are  also 
greatly  affected  by  nerve  stimuli,  arriving  at  it  along  aft'erent  nerves,  it  is  to  be 
expected  that  it  may  be  keyed  up  or  down  in  excitability  by  the  state  of  the 
nervous  system  in  general.     In  conditions  of  nervous  excitement  and  anxiety. 
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for  cx.'unplc,  its  sensili\it}'  is  increased  and  moderate  doses  of  narcotic  druj.':s, 
such  as  morphine,  are  well  known  to  depress  it. 

But  even  were  the  sensitivity  of  the  center  maintained  at  a  constant  le\el, 
the  alveolar-CO.  would  correspond  with  that  of  the  arterial  l)lood  only  provided 
that  the  exchange  of  CO._,  'across  the  alveolar  epithelium  was  strictly  normal. 
And  when  we  hear  in  mind  that  the  proper  excretion  of  the  CO,  in  the  lungs  is 
dependent  upon  an  accurate  adjustment  hetween  the  heart's  action  and  the  rate 
of  COo  production  in  the  organism,  we  see  how  the  mechanism  might  readily 
become  upset. 

Technical  difficulties  have  also  to  be  overcome  in  the  collecting  of  the  al- 
veolar air,  for  it  is  now  well  established  that  the  original  method  of  Haldane  and 
Priestley  is  a[)i)roximately  accurate  only  when  it  is  carried  out  under  strictly  con- 
trolled conditions — so  strict  that  they  can  not  be  practiced  in  the  clinic — and 
even  then,  as  R.  G.  Pearce,  Carter,  Krogh,  Siebeck  and  others"  have  shown,  we 
can  not  be  certain  of  the  results.  At  best,  therefore,  tlic  alveolar  CO.,  can  serve 
as  an  accurate  index  of  the  acid  base  equilibrium  of  the  blood  only  under  certain 
controlled  conditions. 

These  facts  have  prompted  the  most  recent  observers  (Morawitz  and  Walker^ 
and  later  Van  Slyke  and  Cullen°)  to  return  to  blood  examination  for  the  detec- 
tion of  impending  acidosis.  The  question  is  what  readily  measurable  property 
of   the  blood  may  we   employ?      If   we   return    for  a  moment  to   the   equation 

"       5^    =  y>()  we  shall  see  that   when   foreign  acids   combine   with  the   Na 

NaHCOa 

of  the  bicarbonate,  this  will  become  replaced  by  the  salts  that  are  fomied,  such  as 
NaCl,  and  these  will  be  incapable  of  acting  as  buffers.  The  amount  of  NaHCOg 
present  in  the  blood  must,  therefore,  be  a  measure  of  its  power  to  take  up  such 
acids  without  serious  disturbance  in  Ch,  which  has  led  Van  Slyke  to  define  aci- 
dosis as  "a  condition  in  which  the  concentration  of  bicarbonate  in  the  blood  is 
reduced  below  the  normal  level."  According  to  this  definition,  acidosis  is  not 
necessarily  an  increase  in  the  actual  Cr  of  the  blood,  or  even  it  is  a  disturbance 

in  the  normal  ratio     J  ^  '  =  /'2u    but    is   a    lowering   of    the    absolute    values 

forming  the  numerator  and  denominator  of  the  equation.  In  brief,  it  is  a  low- 
ering of  the  ability  of  the  blood  to  take  up  fixed  acid  without  disturbance  in  the 
ratio,  a  decrease  in  the  reserve  alkalinity.  The  definition  is,  however,  somewhat 
unfortunate,  since  it  does  not  include  cases  in  which  there  is  an  actual  increase 
in  the  ratio  as  a  result  of  the  addition  of  H2CO3  to  the  blood,  and  such  condi- 
tions may  develop  as  a  result  of  asphyxia,  which,  of  course,  is  a  common  enough 
cause  of  acidosis  in  the  broader  sense.  Moreover,  in  asphyxia!  acidosis  it  may 
quite  well  be  the  case  that  the  NaHCOg  instead  of  being  diminished,  is  actually 
increased  in  the  attempt  to  bring  the  ratio  back  to  its  normal  value.  When  CO, 
is  added  to  blood,  for  example,  it  has  been  shown  that  the  alkali  content  of  the 
plasma  relatively  increases,  partly  because  of  the  migration  of  K  and  Na  out  of 
the  corpuscles  into  the  plasma,  and  partly  because  HCl  goes  in  the  opposite  di- 
rection.   There  can  be  no  doubt,  however,  that  deficiency  in  bicarbonate  is  an  im- 


Tin;  I'lAC.Nosis  ov  aciuosis  ^23 

portant  tliiiit^-  to  measure  a^  a  /^^'Ul^c'  of  llu-  aliility  of  tlic  hlood  plasma  to  hold  Ch 
coiislaiil  wlii'ii  tortii^n  acids  are  added  to  it. 

In  its  neuci-  loiin  this  test  differs  coiisideraMy  from  the  form  in  which  it 
was  originally  employed  1)\  Walter  (see  \).  3W)),  for  instead  of  mea-urinj:j  the 
CO^  content  ol  a  sample  of  blood  immediately  after  removal,  this  is  first  of  all 
exposed  outside  the  hody  to  an  atmosphere  containing  a  known,  fixed,  percentage 
of  CO2  until  all  of  the  a\ailal)le  alkali  has  become  combined  with  this  gas.  This 
procedure  removes  the  most  serious  objection  to  the  old  technic,  namely,  that  the 
amount  of  CO^,  in  the  \enous  blood, — and  that  alone  is  of  course  available  for 
use  in  man,  must  be  \ery  lar(,a-l\-  dependent  upon  the  rate  of  oxidation  in  the 
tissues,  and  upon  the  velocity  of  movement  of  blood  through  the  capillaries  which 
drain  into  the  vein.  In  experimental  work  on  animals,  however,  the  COo  actually 
present  in  arterial  blood  remains  as  the  most  practical  indicator  of  the  bufifer  ac- 
tion of  the  blood.  IJeing  restricted  in  man  to  the  use  of  venous  blood,  the  ques- 
tions which  remain  to  be  answered  are:  1.  What  pressure  of  CO,  should  be 
chosen  with  which  to  saturate  the  blood?*  2.  Should  whole  blood  or  plasma  or 
serum  be  employed?  With  rei^ard  to  the  CO.  pressure,  there  are  two  alterna- 
tives: we  may  use  cither  the  pressure  to  which  the  blood  is  actually  exposed  in 
the  organism,  the  intra  zitam  pressure  we  may  call  it,  or  an  arbitrarily  fixed  pres- 
sure. The  /;;/;■(/  -c'itaiti  ])ressure  of  COo  can  he  determined  by  analysis  of  the 
alveolar  air,  but  this,  of  course,  complicates  the  technic  and  gives  us  no  more  ac- 
curate an  estimate  of  the  availal)le  alkali  than  when  we  use  the  same  pressure 
for  all  samples. 

Concerning  the  question  as  to  whether  whole  blood  or  serum  should  be  used, 
there  can  be  little  doubt  that  it  should  be  the  former.  The  objection  to  the  use  of 
serum  or  plasma  depends  on  the  fact,  as  we  have  seen,  that  a  part  of  the  alkaline 
reserve  resides,  not  in  the  fluid  menstruum  of  the  blood,  but  in  the  corpuscles, 
and  even  beyond  this,  in  the  tissue  cells.  It  has  been  known  for  some  time,  for 
example,  that  when  CO.,  is  bubbled  through  whole  blood,  the  alkali  content  of 
the  plasma  decidedly  increases,  as  judged  by  titration,  and  when  the  blood  is  in 
contact  with  the  tissue  cells  it  is  quite  likely  that  when  excess  of  acid  appears  in 
it,  there  may  be  a  considerable  transference,  not  only  of  more  alkali  from  the 
cells  into  the  blood,  but  also  of  COo  in  the  opposite  direction,  (into  the  cells  in- 
cluding the  red  blood  corpuscles)  in  which  it  may  become  combined  with  al- 
kaline phosphates  by  such  reactions  as  are  illustrated  in  the  equation: 

Xa.HPO,  +  H.,CO,  =  XaH.PO,  +  XaHCO,. 

It  should  be  remarked  that  Van  Slyke  recognizes  these  possibilities,  but 
nevertheless,  he  believes  that  for  practical  purposes  it  is  allowable  to  employ 
venous  blood,  and  to  saturate  its  plasma  with  CO,  at  a  definite  partial  pressure. 
The  results  which  he  and  other  workers  using  his  method  have  employed  would 
certainly  appear  to  justify  his  claim  at  least  for  the  detection  of  cases  in  which 
the  alkaline  reserve  is  decidedly  reduced,  but  it  should  not  be  lost  sight  of  that  a 
strict  observance  of  the  i)rinciples  which  we  have  attempted  to  explain  might 

*It  may  be  pointi-il  out,  for  the  sake  of  those  who  are  not  familiar  with  the  work  in  this  field, 
that  the  pressure  of  a  gas  in  a  mixture  of  gases  is  proportional  to  its  percentage  amount:  thus  6  per 
cent  COo  will   give   45.6  mm.      Hg  pressure  at  a   barometric   pressure   of   760,   for   100    :    760    :    :   c    :   x. 
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make  the  ij;-auginij;-  of  the  alkaline  reser\e  a  still  more  \alual)le  eriterion  of  dis- 
turbances in  the  acid  base  equilil)rium  in  the  ors^anism. 

To  sum  up.  it  may  b-e  said  that  determination  of  the  ability  of  blood  to  ab- 
sorb COo  is  probably  the  most  ])ractical  method  for  measuring-  the  acid  neutraliz- 
inc^  power;  it  measures  the  degree  to  which  the  acid  buffer  can  functionate  or,  as 
some  call  it,  the  alkaline  reserve.  This  high  estimate  oi  its  value  holds  good, 
however,  only  when  the  whole  blood  is  taken,  but  c-c'cn  then  icr  do  not  necessarily 
measure  the  total  reserve  of  the  body.  These  reserves  are,  first,  the  alkalies  of  the 
plasma,  second,  the  alkalies  of  the  corpuscles,  third,  the  proteins  of  the  blood,  and 
the  last  reserves  are  probably  the  alkalies  and  the  ])roteins  of  the  tissue  cells. 
Now  it  is  clear  that  there  can  be  no  test-tube  method  by  which  the  magnitude  of 
all  of  these  defensive  agencies  could  be  measured;  at  best  we  can  only  measure 
the  first  three  of  them,  namely,  the  reserve  power  resident  in  the  blood  itself. 
Christiansen,  Haldane  and  Douglas"'  and  contemporaneously  Morawitz  and 
Walker,^  have  recommended  this  method,  and  it  is  only  more  recently  that  Van 
Slyke.  in  order  to  simplify  the  technic,  has  advocated  the  employment  of  blood 
plasma  (oxalated )  alone.  Let  us  consider  for  a  moment,  therefore,  whether  the 
Van  Slyke  technic  is  really  much  simpler  than  that  employed  by  Haldane.  In 
the  method  used  by  these  observers  a  cubic  centimeter,  or  so,  of  defibrinated 
blood  is  exposed  at  body  temperature  for  twenty  minutes,  in  an  air-tight  vessel, 
to  an  atmosphere  containing  a  known  amount  of  CO^.  A  measured  sample  is 
then  removed  to  the  gas  analysis  apparatus  of  Haldane-Barcroft,  and  the  CO2 
is  determined  by  decomposing  the  carbonates  with  strong  acid,  after  getting  rid 
of  the  oxygen  by  shaking  with  ferricyanide  solution.  The  procedure  is  com- 
paratively simple,   and  can  easily  be  done   with  a  little  practice   in  the  wards. 

In  Van  Slyke's  method,  the  oxalated  plasma,  separated  by  rapid  cen- 
trifuging,  is  exposed  to  an  atmosphere  of  expired  air  in  a  tonometer,  and  the 
plasma  then  transferred  to  a  gas  analysis  apparatus,  that  is  certainly  no  simpler 
in  manipulation  than  that  of  Haldane  and  Barcroft  (see  Vol.  II,  p.  55  of  this 
Journal),  and  which  moreover  suffers  from  the  disadvantages:  first,  that  the 
slightest  leakages  around  the  stopcock  involves  a  very  serious  error  because  of 
the  vacuum  which  is  established  in  the  apparatus  at  a  certain  stage  of  the  manip- 
ulation, and  secondly,  that  it  requires  the  yse  of  mercury  which  becomes  fouled 
with  the  mixture  of  plasma  and  acid  during  the  analysis. 

Taking  into  consideration  the  theoretic  objections  to  the  use  of  plasma  or 
serum  in  place  of  blood,  and  also  the  doubtful  advantage  to  be  gained  by  using 
the  Van  Slyke  apparatus,  at  least  by  those  who  are  not  practiced  in  the  use  of  gas 
analysis  methods  in  general,  there  is  no  very  evident  reason  why  the  Van  Slyke 
procedure  should  be  followed  in  preference  to  the  earlier,  really  simpler  methods 
of  Haldane,  etc.,  and  of  Morawitz  and  Walker. 

It  has  been  pointed  out  above  that  the  sensitivity  of  the  respiratory  center 
towards  the  Ch,  or  more  probably  the  free  COo,  of  the  blood  is  apparently  much 
greater  than  that  of  any  other  center  or  mechanism  in  the  animal  body,  and  that 
it  is  on  account  of  this  sensitiv^eness  that  the  free  CO^  of  the  blood  is  immediately 
got  rid  of  from  the  body  by  increased  pulmonaiy  ventilation,  whenever  there  is 
tendency  for  the  Ch  to  rise  above  the  normal  level.    As  the  free  CO^  is  got  rid  of, 
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tlu'  l)icarl)i>nati'  flccMiniioM's,  l]crau>c'  ol'  the  presence  of  other  acid  groups  in  the 
Modd,  ci^..  pidtciii,  clc.  ami  the-  aniduiil  that  is  left  indicates  the  remaining  ahihty 
of  ihr  lildod  lo  wiih-taml  further  addition  of  foreign  acid.  Clearly,  therefore, 
the  im])orianl  thing  to  measure  in  orck-r  that  we  may  he  enahjed  to  fliagnosc  the 
incipient  stages  of  acidosis  is  the  alkaline  reserve,  and  hut  one  fjuestion  remains 
to  he  considered,  namel\',  whether  arterial  or  venous  hlood  ^lundd  l*e  employed. 
For  various  reasons  arterial  l)lood  is  jjreferahle.  In  the  first  place  the  percent- 
age of  COo  actually  present  in  it  is  pro])ortional  to  the  alkaline  reserve,  so  that 
it  is  unneccssarv  to  expose  the  l)lood  to  an  atmosphere  ccjntaining  CO,  before 
measuring  the  Ci).^  content,  and  in  the  >econd  i)lace,  it  rei)resents  the  mixed  blood 
of  the  hod\ ,  and  not  that  of  onl\'  one  locality,  as  is  the  case  with  blood  removed 
frv)m  a  i)eri[)heral  \  tin.  P.ut  in  clinical  practice  \enous  blood  only  is  available.  If 
this  is  collected  w  ith  the  precaution  that  the  muscles  in  the  corresponding  area 
have  been  at  rest  for  some  time  it  appears  that  there  is  practically  no  difference  be- 
tween the  alkaline  reserve  of  arterial  and  venous  blood,  but  if  there  has  been  any 
muscular  contraction,  the  venous  blood  will  have  a  lower  reserve  than  the  ar- 
terial, because  of  the  lactic  acid  thrown  into  it  h}-  the  contraction.  But  even 
when  we  take  the  i)recaution  of  avoiding  muscular  action,  it  is  probable  that  there 
is  not  a  strict  parallelism  between  the  buffer  action  of  arterial  and  venous  blood 
as  in  cases  in  which  the  demands  on  the  alkaline  reserves  are  such  that  those  of 
the  tissues  are  being  called  on  as  well  as  those  of  the  blood  itself.  The  experi- 
ment of  Van  Slyke,"'"  in  which  he  compared  actual  COo-containing  powers  of 
arterial  and  Acnous  blood  removed  from  anesthetized  dogs,  and  found  them  to 
be  verv  nearlv  the  same,  does  not  throw  any  light  on  this  phase  of  the  problem. 

The  chief  criticism  against  the  use  of  the  CO,  carrying  power  of  blood  or 
blood  plasma,  is  therefore,  that  it  tells  little  if  anything  concerning  the  acid-ab- 
sorbing powers  of  the  tissues.  Is  there  not,  therefore,  some  test  of  the  acid  buf- 
fer which  can  be  ajiplied  to  the  intact  animal?  One  such  we  have  already  con- 
sidered, namely,  the  percentage  of  CO,  in  alveolar  air,  and  we  have  seen  that  it 
is  not  entirely  satisfactory  partly  because  of  the  technical  difficulties  in  the  col- 
lection of  the  sample  of  air  for  analysis,  and  partly  because  of  possible  variations 
in  the  sensitivity  of  the  respiratory  center.  In  order  to  place  an  estimate  on  the 
relative  value  of  these  methods  comparisons  have  been  made  between  the  COo  ten- 
sion of  the  alveolar  air  and  the  COo  absorbing  power  of  the  blood.  This  has 
been  done  both  in  normal  and  pathologic  subjects.  In  normal  subjects  the  com- 
.parisons  have  been  made  under  conditions,  such  as  the  taking  of  food  and  during 
muscular  exercise,  in  which  slight  alterations  in  the  acid-base  equilibrium  are 
known    to    occur.      Van    v^lyke,    Stillman    and    Cullen^^    found    that    the    ratio 

plasma  CO, 
mm   alveolar  CO     ^'^^"'^'^    '^'""^    ^-^    ^''    ^-^^    '"    dilTerent    resting    individuals, 

there  being  apparently  a  characteristic  ratio  for  each  individual,  and  that  the 
taking  of  food  invariably  raises  the  alveolar  COo-combining  power.  This  would 
seem  to  indicate  that  it  must  be  the  excitability  of  the  respirator}-  center  rather 
than  the  acid  base  equilibrium  that  becomes  altered  so  as  to  cause  variations  in 
alveolar  CO,.    The  same  authors,  in  conjunction  w  ith  Fitz,  working  on  the  above 
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relationshii)  in  palit'iits  sulU'rini,^  from  (lial)etcs  and  nephritis,  found  thai  in  the 
former  disease,  under  treatment,  llie  alveolar  CO2  tension  is  often  much  too  low 
in  comparison  with  the  hlood  bicarhonate.  On  the  other  hand  the  tension  is  al- 
ways low  in  these  cases  when  the  l)icarl)onate  content  of  the  blood  is  low.  In 
nephritis,  however,  the  tension  of  alveolar  COo  may  be  high  although  the  blood 
CO,  is  low.  Peters^-  has  also  examined  these  relationships,  and  has  met  with 
many  instances  where  satisfactory  parallelism  did  not  exist.  One  serious  criti- 
cism of  this  work  is,  however,  that  the  method  of  Fridericia  was  employed  for 
collecting  the  alveolar  air. 

Christiansen,  Douglas  and  Haldane"'  did  not  hnd  a  relation  to  exist  between 
the  CO,  absorbing  power  of  the  blood  and  the  normal  resting  alveolar  CO,  '•■• 
different  healthy  individuals,  but  after  severe  muscular  exercise,  the  intereoimg 
discovery  was  made  that  marked  reductions  occurred  both  in  the  CO,  absorb- 
ing power  of  the  blood,  and  in  the  alveolar  air,  and  they  suggested  "that  corre- 
sponding differences  will  probably  be  discovered  under  various  pathologic  or 
compensatoiy  conditions  for  acidosis." 

In  all  these  comparisons  it  is  with  the  arterial  CO,  tension  that  the  alveolar 
CO,  is  belie\ed  to  run  parallel,  the  air  samples  being  removed  from  the  alveoli 
under  conditions  which  mean  that  the  gaseous  equilibrium  must  be  between  al- 
veolar air  and  arterial  blood.  The  question  therefore  arises  whether  more  exact 
parallelism  between  alveolar  CO,  and  blood  CO,  might  not  be  obtained  if  the 
venous  CO,  tension  were  taken  instead  of  the  arterial.  As  shown  by  Christian- 
sen, Douglas  and  Haldane,  and  later  by  Y.  Henderson"  and  R.  G.  Pearce,^^ 
the  alveolar  venous  CO,  tension  can  be  measured  by  the  comparatively  simple 
expedient  of  causing  the  ]iatient  to  inspire  an  atmosphere  containing  a  percent- 
age of  CO,  above  that  which  corresponds  to  the  free  CO,  of  venous  blood,  and 
then  removing  successive  samples  of  the  expiration  which  follows,  and  analysing 
each  for  CO,.  The  portions  expired  at  first  will  contain  approximately  the  same 
percentage  of  CO,  as  that  in  the  inspired  air,  but  the  percentages  will  progres- 
sively decline  in  the  succeeding  portions  until  at  last  they  become  constant  at  a 
level  which  must  correspond  to  the  venous  CO,  tension.  In  the  method  of 
Plesch  for  the  collection  of  alveolar  air,  in  which  the  person  takes  several  breaths 
in  and  out  of  a  rubber  bag,  the  CO,  percentage  of  the  air  in  the  bag  must  ap- 
proximate more  closely  the  CO,  tension  of  the  venous  blood  than  that  of  the  ar- 
terial. It  is  certainly  important  that  the  possibility  of  a  parallelism  between  al- 
veolar venous  CO,  tension  and  CO,  combining  power  of  the  whole  blood  should 
be  thoroughly  investigated.  On  a  priori  grounds  the  parallelism  is  likely  to  be 
a  much  closer  one  than  when  the  comparison  is  made  between  alveolar  (arterial) 
CO,  tension  and  CO,  combining  ])ower  of  blood  plasma. 

By  an  application  of  these  principles,  therefore,  it  does  not  appear  that  there 
is  a  simple,  thoroughly  reliable  method  by  which  the  buffer  action  of  the  body  as 
a  v^'hole  can  be  measured.  An  entirely  different  plan  of  attacking  the  problem 
must  be  thought  of,  namely,  to  observe  the  acid  excretion  by  wa\'  of  the  urine. 

When  we  were  considering  the  general  nature  of  the  chemical  reactions  be- 
tween the  salts  of  the  blood  and  added  acid  we  saw  that  l)esides  free  CO,  there 
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would  ha\c  t<>  lie  cliininalcd  from  the  ljf>dy  a  considerable  amount  of  acid  salts, 
or  of  free  acid>.  hi  this  connection  the  body  must  be  considererl  as  a  whole,  and 
when  foi\'i},ni  acid  is  addt-d  a  corresponding^  amount  must  ultimately  be  elimi- 
nalt'd,  if  tlie  noinial  acid-base  {Miuilibriniii  is  to  be  reestablished,  even  although  a 
sudden  chan.ije  in  C'n  is  avoided  by  the  buffer  action.  Most  of  this  excess  of 
acid,  as  we  have  seen,  is  eliminated  by  the  lungs  as  CO,,  but  the  remainder  has 
to  be  got  rid  of  by  other  pathways  of  excretion,  particularly  the  kidneys.  The 
excretion  of  the  acid  excess  by  this  ])athway  occurs  in  three  forms :  first  as  acid 
salts,  for  example  by  con\ersion  of  Xa„HPO,  into  XaH^PO,,  second  as  salts  of 
ammonia  and  tliin/ly  as  free  acid.  Concerning  the  second  of  the-«e,  under  nf)rmal 
conditions  ammonia  is  a  product  of  metalxjlism  split  off  during  the  break  down 
Oi  .''jnino  acids,  and  then  rendered  innoxious,  by  combining  with  carbonic  acid 
to  form  ammonium  carbonate  wliich  is  converted  into  urea,  a  strictly  neutral 
substance,  \\dien  excess  of  acids  must  be  neutralized,  however,  some  of  the 
ammonia  instead  of  combining  with  CO^,  may  be  diverted  to  neutraHze  the  ex- 
cess, this  being  particularly  the  case. when  ketonic  acids  appear,  as  in  diabetes. 
The  ammonia  excretion  itself  is,  however,  no  reliable  indicator  of  the  amount 
of  free  acid  in  the  body,  because  there  are  other  conditions  such  as  derangement 
of  the  hepatic  function  which  may  influence  it.  In  the  toxic  states  of  pregnancy, 
for  example  a  large  excretion  of  ammonia  may  occur  without  any  indication  of 
an  acidosis,  \\ith  regard  to  the  acid  which  may  be  excreted  in  a  free  state,  this 
occurs,  for  example,  with  /3-oxybutyric  acid,  which  is  so  weak  in  its  acid  proper- 
ties, that  45  per  cent  of  it  may  be  excreted  in  this  form. 

\\'ith  such  a  multiplicity  of  forms  of  excretion  it  is  clear  that  the  only  satis- 
factory method  for  measuring  the  acid  excretion  by  the  kidney  must  be  one  in 
which  all  of  the  above  forms  of  excretion  are  included.  To  measure  the  amount 
of  free  acids  and  acid  salts  the  theoretically  correct  method  would  be  to  titrate 
the  urine  with  standard  alkali  until  its  Ch,  which  is  normally  on  the  acid  side  of 
neutrality,  w  as  Ijrought  to  the  same  level  as  that  of  blood.  This  can  be  done  by 
using  sul])]io])henol|)hthalcin  which,  it  will  be  remembered,  changes  tint  at  about 
the  Ch  of  blood.  For  practical  purposes,  however,  it  has  been  found  more  con- 
venient to  use  phenolphthalein,  the  neutral  point  of  which  is  such  that  when  urine 
just  reacts  neutral  to  it.  the  COo  combining  power  of  the  blood  plasma  as  tested 
by  Van  Slyke's  method,  is  at  its  maximum  by  80  vols,  per  cent,  and  the  am- 
monia excretion  is  zero.  By  titrating  a  sample  of  virine  after  adding  neutral  oxa- 
late to  it, — in  order  to  precipitate  substances  which  interfere  with  the  shai"pness 
of  the  end  point — with  N /in  XaOH  to  the  neutral  point  of  phenolphthalein  we 
measure  the  total  of  free  acids  and  acid  salts,  and  if  we  now  add  to  this  the 
amount  of  anunonia  in  the  -anie  urine,  (readily  measured  by  Folin's  new  per- 
mutit  method),  we  obtain  the  total  urinary  acid  excretion.  It  is  said  that  a  defi- 
nite relationship  exists  between  the  COo  combining  power  of  the  plasma  and  the 
total  acid  excretion,  a  relationship,  however,  which  can  be  made  clear  only  when 
a  rather  arbitrary  equation  like  tliat  of  Aniliard  is  employed.  It  remains  to  be 
seen  of  what  value  the  detennination  of  this  ratio  may  be  in  clinical  diagnosis. 

There  remains  possible  another  method  for  gauging  the  alkaline  reserve, 
namely,  to  see  hozc  much  alkali  can  he  added  to  the  organism  without  causing  the 
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uri)ic  to  assume  a)i  alkaline  reaction.  When  Ihc  alkaline  reserve  of  the  body  is 
ahout  normal,  it  is  clear  that  \  ery  little  alkali  will  suffice  to  have  this  effect.  As  a 
matter  of  fact,  it  has  heen  I'onnd  hy  v^ellanls"  and  hy  l^almer  and  Henderson^'' 
that  only  5  g^rams  a  dav,  can  he  taken  without  makint,-^  the  urine  alkaline.  When 
the  alkaline  reserve  is  seriously  depleted,  however,  large  f|uantities  of  bicarlx)nate, 
even  as  much  as  100  grams  a  da\-  can  be  taken  without  making  the  urine 
alkaline.  This  test  has  been  found  of  particular  value  in  the  diagnosis  of 
acidosis  accompanying  certain  forms  of  renal  disease  (chronic  interstitial 
nejihritis),  which  raises  the  (juestion  as  to  whether  the  retention  may  not  be 
due  to  faulty  elimination  of  the  bicarbonate  rather  than  to  its  retention  in 
order  that  a  deficient  alkaline  reserve  may  be  corrected.  It  has  not  been  a 
veiy  simple  matter  to  entirel\-  disprove  this  possible  explanation,  and  experi- 
ments of  a  variety  of  types  ha\e  had  to  l)e  devised  in  connection  with  the  prob- 
lem. One  of  them  consists  in  determining  the  effect  of  a  second  dose  of 
bicarbonate  administered  to  an  acidosis  patient  to  whom  a  sufficient  amount 
had  previously  been  given  to  render  the  urine  just  alkaline.  It  has  been  found 
that  a  few  grams  now  suffice,  indicating,  apparently,  that  the  alkaline  reserve 
must  have  been  restored  to  its  normal  level.  Even  to  this  experiment  the 
objection  can  be  raised,  however,  that  the  large  doses  were  retained  because  the 
threshold  of  the  kidney  for  the  excretion  of  bicarbonate  was  a  very  high  one, 
and  that  the  second,  smaller  administration  just  sufficed  to  overstep  this  thresh- 
old. 

Sellards'  careful  work  with  this  method  seems  quite  clearly  to  establish 
its  value,  however,  and  for  practical  purposes  it  is  no  doubt  the  best  test  of 
acidosis  at  present  a:'ailable  in  routine  clinical  zvork.  It  has  the  important  ad- 
vantage, furthermore,  of  being  simple  and  of  reciuiring  no  elaborate  apparatus. 

Finally  it  may  be  advantageous  to  classify  the  possible  causes  wdiich  might 
lead  to  a  want  of  stability  in  the  Ch  of  the  blood ;  that  is,  to  threatened  acidosis 
or  alkalosis,  not  of  acidosis  in  the  narrow  sense  implied  in  Van  Slyke's  defini- 
tion, but  in  the  broader  sense  of  any  disturbance  in  the  acid-base  equilibrium. 

In  general  a  tendencv  to  acidosis  might  be  due  to  an  increase  in  the  numerator 

•       ,       .           •                -     ,            11                 •              HXO.,  1 

or  decrease  m  the  denommator  ot   the  molecular  equation       : - = 

NaHCO,  20 ' 
or  to  a  proportionate  decrease  in  both.  In  the  latter  case,  there  would  be 
no  actual  change  in  Ch,  but  the  alkaline  buffer  would  be  depleted  so  that 
the  change  would  very  readily  set  in  when  foreign  acids  were  added.  Further- 
more, it  should  be  understood  that  NaHCOa  only  stands  as  a  symbol 
for  all  substances  that  might  serve  as  alkahne  reser\es,  for  although  this  salt 
is  no  doubt  the  most  important  of  these,  the  alkaline  phosphates  of  the  cor- 
puscles, and  the  protein  of  the  blood  and  tissues  must  also  be  considered.  A 
tendency  to  alkalosis — which  is  no  doubt  extremely  rare  as  a  pathologic  con- 
dition— would  be  due  to  changes  of  a  reverse  character.  A  theoretic  classi- 
fication of  the  conditions  which  might  cause  these  changes  is  given : 


Tiilv   DIAGNOSIS   Ul-    .\(IIk»SIS  329 

In  err  (ISC  nf  t  ,,. 

Addition     or     tUiUniulalion  Ac nimiil.ition  of   C(^    (aspliyxial  coiuiitionsj. 

of  (hid  Iiicoinpli  tc     oxidatinn     of     carlKjhydrate     (lactic     and     in 

muscular   exercise), 
l^efective  oxidation  of  fat  (ketosis). 
Renal  insufficiency  (nephritis). 

Decomposition  of  protein  (as  in  acidosis  of   fever). 
Intestinal  fermentation. 
Administration  of  acid  (experimental). 
Decrease  of  base  Diarrhea    and     hemorrha!?e,     respectively     (may     explain 

acidosis  in  cholera  and  in  certain  forms  of  shock). 

Decrease   in  C\i. 

Addition     nr    aeetDnitldtiint  Ammonia  (  faulty  metabolism  of  urea). 

of  base  Intestinal  putrefaction   (infantile  conditions). 

Administration   of  alkalies    (experimental). 
Removal    of   acids  Excretion  of  CO;   (excessive  pulmonary  ventilation,  as  in 

faulty  ether  administration). 
E.xcretion  of  acid   urine. 
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THE  EPIDEMIC  OF  INFLUENZA  AT  CAMP  DEVENS,  MASS.* 

Bv  Paul  G.  \\'ooij.r;v,  M.D.  (Cincinnati,  Ohio) 
Alajor,  M.C.,  Camp  Sanitary  Inspector  and  Epidemiologist,  Camp  Devens,  Mass. 

'X'HE  epidemic  of  influenza  and  pneumonia  which  attacked  Camp  Devens 
J-  was  a  part  of  the  pandemic  which  swept  across  the  United  States  in  the 
late  summer  and  early  fall  of  1918.  Camp  Devens  was  the  first  of  the  can- 
tonments to  be  affected,  and  since  no  warning  had  been  given,  and  no  data  re- 
garding treatment  or  prophylaxis  had  been  promulgated,  the  camp  authorities 
were  unembarrassed  and  unassisted  by  precedents  in  the  management  of  the 
epidemic. 

The  disease  appeared  in  the  camp,  as  far  as  can  be  seen,  on  the  eighth  of 
September.  It  reached  its  acme  on  the  sixteenth,  seventeeth  and  eighteenth  of 
the  month  and  then  rapidly  declined,  almost  completely  vanishing  about  the 
middle  of  November.  The  first  cases  were  observed  in  members  of  Company 
B,  42nd  Infantry.  On  September  7  a  case  of  epidemic  meningitis  had  been 
sent  to  the  Base  Hospital  from  this  company.  On  the  following  day  a  dozen 
other  members  of  the  same  company  had  been  sent  to  the  hospital  for  observa- 
tion for  meningitis,  but  these  twelve  proved  to  be  merely  what  was  called  at 
the  time,  "nasopharyngitis,  acute,  catarrhal."  Subsequent  developments  showed 
that  the  nasophaiyngitis  of  this  period  was  in  reality  mild  "Spanish  influenza." 
A  definite  diagnosis  of  influenza  was  made  on  September  12.  On  September 
9,  five  more  suspicious  cases  were  sent  to  the  hospital  from  the  same  company, 
and  so  on,  until  by  September  16,  thirty-six  members  of  the  one  company  had 
received  hospital  attention.  Meanwhile,  however,  similar  cases  w^ere  being  ob- 
served and  sent  to  the  hospital  from  other  regiments  and  organizations,  a  state 
of  affairs  that  brought  about  a  sudden  change  in  the  general  sick  rate  as  shown 
in  Table  I  of  hospital  admissions.  The  figures  in  this  table  will  indicate  the 
sudden  and  enormous  strain  which  was  thrown  upon  the  hospital. 


Table  I 

Hospital  Admissions 

September  1 

39 

Octobe 

r  8 

78 

2 

31 

9 

79 

3 

51 

10 

100 

4 

80 

11 

68 

5 

78 

12 

81 

6 

95 

13 

51 

7 

95 

14 

58 

8 

93 

15 

80 

9 

.     93 

16 

69 

10 

142 

17 

75 

11 

186 

18 

78 

12 

227 

19 

59 

13 

350 

20 

51 

14 

502 

21 

36 

'Published    by    permission   of    the    Surgeon    General. 


IXl-l.lKNZA    AT    f.\MI'    l>i;\  i;.\S,    MASS.  331 

Tahi.i-   I— (Cont'd) 
I  losiMTAi,   Admissions 


Scptciiiliir 


October 


15 

705 

Ocf.l.rr  22 

87 

1(. 

1189 

23 

66 

17 

1056 

24 

74 

IS 

1176 

25 

70 

19 

624 

26 

59 

20 

778 

27 

48 

21 

684 

28 

45 

22 

443 

29 

86 

23 

578 

30 

91 

24 

505 

31 

83 

25 

386 

November  1 

65 

26 

239 

2 

50 

27 

173 

3 

47 

28 

117 

4 

31 

29 

117 

5 

7Z 

30 

74 

6 

62 

1 

126 

7 

50 

2 

93 

8 

54 

3 

94 

9 

50 

4 

76 

10 

40 

5 

76 

11 

29 

6 

78 

12 

49 

7 

50 

These  early  cases  of  "nasopharyngitis"  were  looked  upon  at  first  as  ex- 
amples of  the  mild  epidemic  disease  which  had  attacked  many  of  the  canton- 
ments during  the  spring  of  1918.  At  that  time  very  many  soldiers  were  af- 
fected by  what  seemed  to  be  severe  but  transient  "colds"  without  cor\'za.  With 
this  disease  there  were  no  fatalities.  It  m.ay  be  justifiable  to  surmise  that  the 
cause  of  the  mild  l)Ut  extensive  spring  epidemic  was  an  attenuated  or  avirulent 
form  of  the  organism  which  has  been  responsible  for  the  recent  epidemic,  and 
that  it  became  more  virulent  in  the  course  of  repeated  passages  from  host  to 
host.  However  that  may  be,  it  was  not  immediately  realized  that  we  were 
dealing  with  such  an  exceedingly  serious  disease  until  the  complicating  pneu- 
monias began  to  appear  in  steadily  increasing  nuinbers,  and  this  was  not  until 
after  the  epidemic  had  gathered  headway  of  considerable  proportions.  Table 
II  shows  the  numlicr  of  new  cases  of  pneumonia  reported  by  the  Base  Hospital : 

In  the  first  week  of  September  the  pneumonias  were  evidently  on  the  in- 
crease but  for  that  there  seemed  to  be  perfectly  good  meteorologic  and  racial 
reasons.  Of  the  cases  appearing  during  the  first  fourteen  days  of  September, 
44  were  in  negroes, — a  little  over  50  per  cent.  Of  the  25  cases  occurring  dur- 
ing the  first  seven  days  of  the  month.  16  were  in  negroes.  And  tJien  it  became 
increasingly  evident  that  the  mass  of  the  pneumonias  were  veiy  definitely  re- 
lated to  the  influenza.  The  evidence  for  this  was  (1)  the  ever-increasing  num- 
ber of  pneumonias  in  patients  who  had  been  admitted  for  influenza;  (2)  the 
number  of  men  wlio,  upon  admissioii,  had  both  "flu"'  and  jmeumonia ;  (3)  the 
number  of  men  who  were  discharged  from  the  hospital  convalescent  from 
"flu"  who  were  readmitted  for  pneumonia;  (4)  the  type  of  pulmonary  lesions, 
as  found  at  autopsy;  (5)  the  bacteriologic  findings. 

The  disease  was  no  respecter  of  persons  except  that  it  was  more  severe 


332 


THE    JOURNAL    OF    l.AI'.OUATOK V    AXl)    CLIMiAl,    MlvDU'lNF) 


Table  II 


Pni-:umonia  Cases 

Sei)tonil)t.r  1 

4 

October  8 

17 

2 

1 

9 

4 

3 

4 

10 

7 

4 

2  , 

11 

7 

5 

2 

12 

4 

6 

0 

13 

9 

7 

12 

14 

1 

8 

7 

15 

17 

9 

7 

16 

5 

10 

6 

17 

3 

11 

8 

18 

8 

12 

7 

19 

3 

13 

9 

20 

5 

14 

18 

21 

3 

15 

17 

22 

3 

16 

17 

23 

5 

17 

26 

24 

3 

18 

43 

25 

5 

19 

38 

26 

5 

20 

S7 

27 

6 

21 

118 

28 

6 

22 

176 

29 

3 

23 

215 

30 

5 

24 

342 

31 

7 

25 

309 

November     1 

13 

26 

221 

2 

5 

27 

79 

3 

4 

28 

106 

4 

1 

29 

47 

5 

6 

30 

111 

6 

3 

October     1 

74 

7 

2 

2 

31 

8 

4 

3 

28 

9 

2 

4 

16 

10 

1 

5 

13 

11 

2 

6 

10 

12 

2 

7 

4 

in  those  who  were  hard  workers.  Those  who  tried  to  "buck  the  game"  and 
"stay  with  it"  showed  the  highest  mortality  rates.  So,  the  noncommissioned 
officers  and  the  nurses  suffered  more  severely  than  the  commissioned  officers 
and  privates. 

Table  III 
Comparative  Mortalities 
Commissioned  Officers 


Average  strength 

1194 

Total  pneumonia  cases 

30 

Annual   morbidity    rate    per    1000 

261 

Deaths 

8 

Annual   mortality   rate   per    1000 

69 

Case   mortality 

26.8% 

Noncommissioned  Officers 

Average  strength 

3493 

Total  pneumonia  cases 

70 

Annual   morbidity   rate   per    1000 

208 

Deaths 

28 

Annual  mortality  rate  per  1000 

83 

Case  mortality 

40% 
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\'itrs( 

•s 
Avcra.uf   strength 

225 

Total    pneumonia 

cases 

9 

Annnal  morltiflity 

rate 

IHT    lOOO 

AU, 

Dialli- 

3 

Aniiual   inortalitv' 

rate  i 

)er    inOO 

11 

Case   nmrlality 

33.3% 

Whit. 

■  Unlisted  Men 
AviraKf  strciiKtli 

41,321 

Tiital    iini.umt)nia 

cases 

2.201 

Annual    morbidity 

rate 

per    10(10 

568 

Dratlis 

388 

Annnal    ninriality 

rate 

per    1000 

145 

Case  mortality 

267c 

Black 

luilistcd  Men 
Average  strength 

3074 

Total  pneumonia  ' 

cases 

334 

Annual  morbidity 

rate 

per   1000 

11.30 

Deaths 

75 

Annual    mortality 

rate 

per    1000 

253 

Case  mortality 

22.5% 

Note:  The  above  figures  are  for  the  period  of  five  weeks  from  August  28  to  October 
1,  1918.  They  cover  the  most  active  portion  of  the  epidemic  but  are  obviously  incomplete. 
They  are  given  onl_\   for  comparison. 

Althoug-h  the  first  cases  of  influenza  appeared  sttddenly  in  a  single  com- 
pany of  the  42nd  Infantry,  it  was  but  a  few  days  until  practically  ever}-  or- 
ganization, large  and  small,  in  the  camp  was  affected,  as  the  following  tables 
will  show.  The  fi.gures  used  are  the  rates  per  1000,  for  the  days  indicated, 
of  total  sick, — in  other  words  it  is  the  nonefifective  rate  that  is  given  and  not 
the  isolated  influenza  rate.  The  nonefl:'ective  rate  is  given,  in  spite  of  the  slight 
inaccuracy  in  applying  it  to  influenza,  because  it  is  felt  that  the  number  of 
"all  other  diseases"  helps  to  balance  the  number  of  unreported  influenzas,  i.  e.. 
mild  cases  which  despite  every  effort  were  overlooked  and  so  failed  to  be  shown 
on  the  returns.  However  that  may  be,  the  variation  from  the  exact  truth  would 
be  so  small  that  the  end  results  would  l)e  prejudiced  not  at  all. 

Table  IV 

Organ iz.\TioxAL  Noneffective  Rates 

Infantrv  Mcli.  Gun  Bns.  Engi-      Supp.    Trns. 

36  42  13  74  34  35  36         neers       Trn.     M.  P. 

Sept. 


1 

15 

21 

14 

13 

— 

24 

23 

— 

2 

15 

21 

14 

13 

— 

23 

21 

— 

3 

14 

23 

14 

14 

2 

23 

23 

■) 

4 

14 

25 

15 

14 

2 

21 

24 

2 

5 

14 

25 

18 

14 

5 

21 

26 

-> 

6 

14 

30 

18 

15 

5 

21 

23 

^ 

7 

14 

30 

19 

16 

4 

15 

23 

/ 

8 

14 

28 

19 

17 

4 

16 

21 

11 

9 

15 

30 

21 

18 

4 

21 

23 

12 

10 

16 

32 

21 

18 

4 

30 

21 

13 

11 

15 

34 

22 

20 

7 

38 

•>  y 

15 

16 

— 

11 

— 

11 

— 

11 

— 

■^ 

36 

^ 

35 

5 

31 

5 

31 

^ 

33 

2 

30 

6 

36 

12  15     31  21  24  6     49     35     17     26     41 

13  15     31  38  34  10     68     —     23  15  52 
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Tabi.i:    I  \'— (Cont'd) 
OrganizationaIv   NoNEFi'KCrivE  Rates 


Infantry 

Mch. 

Gun 

Bns. 

Engi- 

Supp. 

T: 

rns. 

36 

42 

■  73 

74 

34 

35 

36 

neer.s 

Trn. 

M 

.P. 

Sept.  14 

14 

37 

45-. 

50 

10 

93 

— 

32 

85 

58 

15 

15 

39 

67 

62 

10 

123 

35 

50 

101 

118 

16 

21 

64 

105 

77 

25 

227 

86 

76 

120 

160 

17 

35 

106 

157 

106 

85 

285 

109 

173 

110 

210 

18 

44 

119 

196 

150 

116 

230 

106 

206 

168 

250 

19 

52 

141 

244 

164 

126 

236 

121 

182 

189 

225 

20 

62 

153 

252 

204 

146 

320 

137 

182 

133 

232 

21 

70 

163 

241 

206 

150 

190 

140 

174 

130 

236 

22 

63 

151 

251 

191 

150 

151 

161 

200 

115 

238 

23 

75 

160 

259 

226 

176 

204 

170 

241 

133 

241 

24 

77 

172 

256 

238 

184 

205 

174 

273 

124 

245 

25 

78 

156 

243 

243 

176 

190 

158 

278 

111 

239 

26 

78 

156 

217 

244 

179 

190 

167 

287 

112 

239 

27 

76 

154 

196 

262 

184 

158 

165 

286 

97 

243 

28 

80 

169 

186 

268 

160 

163 

171 

286 

98 

234 

29 

76 

146 

177 

202 

146 

147 

156 

275 

95 

233 

30 

75 

139 

180 

180 

120 

150 

157 

270 

69 

214 

Oct.   1 

72 

134 

171 

168 

125 

136 

144 

271 

71 

209 

2 

74 

102 

123 

80 

114 

134 

156 

281 

72 

205 

3 

74 

96 

120 

78 

108 

87 

156 

290 

69 

202 

4 

81 

89 

118 

72 

94 

84 

104 

178 

— 

194 

5 

78 

85 

120 

70 

92 

82 

123 

157 

75 

193 

6 

70 

65 

120 

70 

89 

83 

107 

157 

61 

190 

7 

63 

71 

110 

68 

79 

98 

100 

122 

61 

202 

8 

42 

72 

113 

65 

73 

82 

94 

120 

57 

186 

9 

42 

72 

104 

63 

73 

86 

88 

— 

57 

157 

10 

39 

69 

105 

62 

67 

— 

83 

— 

57 

172 

11 

38 

67 

105 

61 

59 

79 

75 

105 

57 

170 

12 

36 

60 

104 

60 

59 

74 

69 

92 

59 

169 

(N.  B. 

All  of 

the  above  org; 

anizations  are  parts 

of  the  12th 

Division.) 

Table  V 

Organizational 

Noneffective  R 

ATES 

Depot 

13th 

Dev, 

12th 

Camp 

Brig. 

Bn. 

Bn. 

Q.M.C. 

A.R.D 

'.    Division 

Sept.  1 

31 

62 

161 

66 

12 

13 

15 

2 

32 

60 

153 

67 

14 

15 

16 

3 

32 

60 

158 

68 

14 

12 

16 

4 

32 

58 

160 

66 

13 

10 

17 

5 

31 

54 

160 

61 

13 

10 

17 

6 

31 

53 

160 

61 

12 

10 

19 

7 

32 

55 

162 

60 

12 

8 

20 

8 

32 

56 

166 

62 

12 

8 

19 

9 

34 

57 

170 

68 

12 

8 

20 

10 

33 

61 

175 

68 

11 

8 

21 

11 

35 

66 

177 

78 

12 

10 

22 

12 

38 

70 

176 

88 

12 

12 

24 

13 

40 

60 

131 

93 

20 

12 

28 

14 

48 

72 

139 

110 

25 

12 

34 

15 

63 

94 

159 

112 

34 

13 

43 

16 
17 
18 


86 
105 

125 


1L5 
141 
161 


181 
212 
250 


115 
150 
158 


34 
37 
43 


13 
17 
26 


65 

96 

125 
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Depot 

13th 

Dev. 

12th 

Cami) 

Hril,^ 

Bn. 

Bn. 

Q.M.C. 

A.R.D. 

Division 

Sei)t.  19 

156 

201 

nz 

165 

51 

36 

152 

20 

179 

231 

282 

166 

55 

58 

172 

21 

190 

255 

284 

179 

59 

67 

181 

22 

196 

260 

290 

177 

56 

55 

166 

23 

185 

265 

294 

180 

59 

71 

181 

24 

189 

268 

300 

190 

60 

76 

193 

25 

187 

266 

274 

191 

51 

76 

194 

26 

185 

224 

240 

49 

76 

190 

27 

185 

224 

230 

45 

76 

188 

28 

185 

202 

167 

40 

74 

187 

29 

150 

174 

159 

36 

74 

168 

30 

127 

136 

161 

35 

72 

157 

Oct.   1 

120 

132 

159 

29 

69 

150 

2 

116 

127 

158 

30 

56 

140 

3 

106 

121 

158 

27 

54 

117 

4 

103 

117 

158 

29 

50 

113 

5 

100 

109 

135 

28 

54 

100 

6 

92 

106 

117 

29 

12 

95 

7 

91 

104 

114 

30 

68 

93 

8 

87 

102 

114 

35 

68 

85 

9 

85 

96 

115 

Z2 

64 

83 

10 

81 

91 

115 

27 

59 

79 

11 

79 

87 

110 

27 

58 

77 

12 

79 

90 

106 

29 

49 

71 

(N.  B.  It  is  to  be  remembered  that  the  camp  includes  all  the  organizations.  The 
13th  Battalion,  composed  entirely  of  negro  troops,  and  the  Development  Battalions  are  parts 
of  the  Depot  Brigade.  The  Quartermaster's  Corps  and  the  Auxiliarj-  Remount  Depot  are 
independent  organizations.     The  Division  includes   all   the  other  organizations  tabulated.) 

It  will  be  seen  from  the  foreg'oing  figures  that  for  a  while  the  epidemic 
was  slowly  extending  and  that  it  finally  acquired  an  almost  explosive  character, 
so  that — 

On  September  17,  28.27c  of  the  35th  M.  G.  Bn.  was  sick; 
On  September  19,  18.9%  of  the  212th  Supply  Train  wtis  sick; 
On  September  23,  26.0%  of  the  73rd  Infantry  was  sick ; 
On  September  24,  29.67c  of  the  13th  Battalion  was  sick; 

17.3%  of  the  42nd  Infantr\-  was  sick; 

18.07o  of  the  34th  M.   G.  Bn.  was  sick; 

17.47c  of  the  36th  M.  G.  Bn.  was  sick; 

13.37o  of  the  A.  R.  D.  was  sick; 
6.07c  of  the  Q.  M.   C.  was  sick; 

19.1%  of  the  Dev.  Bns.  was  sick; 

24.67o  of  the  Trains   &   M.   P.   was   sick; 
On  September  25,  28.27c  of  the  Field   Signal   Bn.  was   sick; 

27.8%  of  the  212th    Engineers    was    sick; 
On  September  26.  24.2%  of  the  74th  Infantry  was  sick; 
On  September  28,     8.07c  of  the  36th  Infantry  was  sick; 
or,  put  in  another  way — 

On  September  22,  19.6%  of  the  total  camp  personnel  was  sick; 
On  September  24,  19.47c  of  the  12th  Division  was  sick ; 

26.8%  of  the  strength  of  the  Depot  Brigade 
was  on  sick  report. 
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The  preceding  figures  give  some  idea  of  the  rapidity  of  spread  of  the  dis- 
ease and  of  its  extent  in  the  camp.  In  all  more  than  30  per  cent  of  the  popu- 
lation was  affected.  Roughly  speaking  the  rise  of  the  curve  occupied  the  in- 
ler\al  hetween  v^eplemher  8  and  September  17;  the  crest  extended  over  the 
hve  days  from  September  17  to  September  21.  The  fall  was  at  first  abrupt  for 
seven  to  eight  days  and  then  more  gradual  extending  over  several  weeks. 

On    Septemljcr    18,   6674   cases   liad   been    reported. 

19,  there  were   1184  new   cases. 

20,  "  "  1.543  " 

21,  '•  "  1179  " 

22,  '•  "  868  '• 

23,  "  "  616  " 

24,  "  "  458  " 

25,  "  "  271  " 

26,  "  "  240  '• 
"            "           27,  '■  "  15.3  '■ 

28,  "  "        221      " 

29,  '•  "        107     " 

30,  "  "         38     '• 

From  September  30  on  there  were  a  few  less  cases  each  day  or  so,  with 
occasional  rises  until  the  latter  part  of  October  and  the  first  of  Xo^•ember  when 
they  practically  disappeared. 

The  epidemic  persisted  for  a  shorter  period  in  the  camp  than  it  did  in 
the  surrounding  cities,  including  Boston,  because  the  population  of  the  camp 
was  more  concentrated,  and  also  because  less  was  undertaken  in  the  way  of 
quarantine  than  in  those  centers.  It  was  apparent  that  the  disease  was  every- 
where in  the  camp  almost  from  the  start  and  therefore  the  energies  of  the  sur- 
geons were  expended  upon  treatment  rather  than  upon  other  measures.  Com- 
parative studies  indicate  that  the  procedures  were  justified. 

So  far  as  is  known  there  were  no  fatalities  from  uncomplicated  influenza. 
In  every  fatal  case  but  two  a  diagnosis  of  pneumonia  was  made,  and  in  these 
two  cases  pure  cultures  of  pneumococcus  were  obtained  from  the  blood  after 
death,  so  that  it  appears  that  they  w^ere  cases  of  pneumococcus  septicemia.  In 
all,  2817  cases  of  pneumonia  were  reported  in  connection  with  the  epidemic 
covering  the  period  ending  October  29,  a  figure  which  represents  about  19  per 
cent  of  the  total  number  of  influenza  cases  reported  dvu-ing  the  period.  Of 
these  787  died — a  case  mortality  of  27.9  per  cent  and  about  5.4  per  cent  of  the 
influenza  cases.  The  pneumonias  were  of  two  types — lobar  and  lobular  (or 
broncho),  the  latter  predominating  in  the  white  men,  the  former  in  the  negroes. 
The  characteristic  cases  in  white  men  seems  to  have  been  a  pseudolobar  pneu- 
monia, which  accounts  for  the  frequent  clinical  diagnosis  of  lobar  pneumonia, 
while  in  the  negroes  the  typical  lesion  was  perfectly  frank  lobar  consolidation. 
The  latter  seems  to  cause  a  lower  mortality  in  the  negroes  than  the  formier  does 
in  the  whites,  and  so  the  difference  in  mortality  in  the  two  races  is  most  readily 
explained. 

Table  VI  shows  the  number  of  cases  of  pneumonia  in  the  Base  Hospital 
from  day  to  day,  and  will  ser\e  to  indicate  the  enormous  l)urden  thrust  upon  the 
personnel  of  that  institution. 
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TAi.i.r.  \I 

TIIK  l'.\i:iM«MA 

Uati:  I'KR  1000  FoK 

Cases 

Kate  per  1000 

127 

2.9 

128 

3.0 

130 

3.0 

128 

2.9 

129 

2.8 

142 

3.1 

152 

3.3 

159 

3.5 

164 

3.6 

168 

3.6 

174 

3.8 

176 

3.8 

185 

4.0 

146* 

3.2 

161 

3.6 

169 

3.8 

191 

4.2 

228 

5.1 

260 

5.7 

348 

7.6 

442 

9.7 

581 

12.8 

727 

16.0 

992 

21.8 

1215 

26.7 

1355 

29.8 

1902** 

41.7 

1933 

42.5 

1928 

42.5 

1993 

44.2 

2033 

44.7 

Sciitcinbcr     1 
2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
October     1 

After  October  1.  the  nuiiiljer  of  cases  of  pneumonia  in  hospital  gradually 
decreased. 

Pneumonia  was  already  present  in  the  camp  when  the  epidemic  of  intluenza 
appeared.  It  was  widely  scattered  and  was  concentrated  at  but  one  point  in 
the  camp,  i.  e.,  in  the  13th  Battalion  of  the  Depot  Brigade,  an  organization  com- 
posed entirely  of  negroes,  most  of  them  from  Florida  and  the  South.  This 
battalion  had  just  passed  through  an  epidemic  of  pneumonia  and  was  just  atxjut 
out  of  the  woods  when  influenza  attacked  it.  The  result  was  striking.  It 
seems  certain  that  many  of  the  blacks  were  harboring  the  pneumococci.  which 
were  onlv  waiting  a  favorable  opportunity  to  invade  their  hosts.  Influenza 
furnished  the  required  opportunity.  Among  the  white  men  the  conditions  were 
somewhat  ditterent.  In  this  group  of  the  camp  population  there  had  been  some 
cases  of  pneumonia  Init  not  many,  and  they  were  scattered,  and  the  death 
rate  was  exceedingly  low.  Still,  the  pneumococci  were  evidently  widespread  in 
the  camp  and  always  a  possible  source  of  danger.  It  is  interesting  that  under 
these  circumstances   the   two  races   should  suffer   as   thev   did,   the   white   men 


*At  this  time  a  considerable  number  of  late  convalescent  pneumonias  were  discharged  to  make  room 
for   acute    cases. 

**This   figure   is   due  to   taking  up  a  number  of   previously   unreported   cases,   unreported    because    of 
the  clerical  breakdown.     They  were  not  unrecognired  or  untreated  cases. 
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from  a  lobular  (influenzaK'')  type,  and  the  negroes  from  a  tyi)ical  lobar  type. 
Pneumonia  was  a  veiy  early  complication  in  a  great  many  cases,  though 
because  of  its  early  anatomic  distrilmtion  it  was  frequently  difficvilt  to  diagnose 
it  by  the  usual  methods  of  auscultation  and  percussion.  Because  of  the  fact 
that  it  usually  develops  centrally  or  near  the  hilus  and  progresses  outward  to- 
ward the  pleura,  it  is  apt  to  be  overlooked.  Nevertheless  in  very  many  cases 
sent  to  the  hospital  for  influenza,  itneumonic  consolidation  was  discovered  at 
the  receiving  station.  For  instance,  in  the  records  of  seven  days  there  were  139 
cases  diagnosed  pneumonia  on  admission.  At  Camp  Devens  it  was  the  rule  to 
take  no  chances  with  influenza,  and  to  send  cases  to  the  hospital  as  soon  as 
possible.  These  cases  justified  the  rule,  if  justification  were  needed,  for  it  be- 
came ver}-  apparent  that  every  case  of  influenza  should  be  treated  as  a  possible 
pneumonia  until  careful  observation  proved  the  contrary.  The  great  variation 
in  the  time  which  might  elapse  in  the  development  of  these  consolidations  is 
shown  in  the  following  figures  which  were  obtained  early  in  the  epidemic : 

Diagnosis  of   pneumonia   made 

On   day  of   admission  1 

On  day  after  admission  41 
Second  day  after  admission        101 

Third        "         "              "  n 

Fourth     "        "             "  56 

Fifth        "        "             "  101 

Sixth        "        "             "  89 

Seventh    "        "             "  85 

Eighth      "        "             "  51 

Ninth       "        "             "  18 

Tenth       "        "             "  9 

Eleventh  "        "             "  1 

Twelfth   "        "             "  2 

There  seems  to  be  very  good  and  sufficient  reasons  for  believing  the  in- 
fluenza was  introduced  into  Camp  Devens  from  Boston.  It  is,  however,  impos- 
sible to  decide  whether  the  infection  was  carried  into  the  camp  by  members  of 
tlie  civil  community  who  had  come  to  visit  friends  in  the  camp,  or  by  soldiers 
who  had  been  out  of  camp  on  leave.  On  Saturdays  and  Sundays  there  are 
enormous  numbers  of  visitors  to  the  camp,  and  also  large  numbers  of  passes 
are  granted  to  soldiers  for  those  days.  At  any  rate  the  epidemic  can  not  be 
attributed  to  conditions  within  the  camp.  Overivork  and  fatigue  have  had  no 
appreciable  efifect  upon  the  epidemic  nor  in  leading  up  to  it.  During  the  epi- 
demic two  hikes  were  indulged  in  by  the  two  infantry  brigades  of  the  com- 
mand. On  September  20  the  23rd  Brigade  marched  to  Cranberry  Pond,  about 
five  miles  from  the  camp,  spent  the  night  in  the  rain  under  shelter  tents,  and 
returned  the  following  day.  On  September  28  the  24th  Brigade  took  the 
same  trip.  In  neither  case  were  any  bad  results  observed  by  the  ever-watchful 
Division  Surgeon.  Previous  to  the  hikes  the  commands  were  carefully  over- 
hauled and  every  man  concerning  whom  there  was  the  slightest  doubt  was  left 
behind  in  quarters.  It  is  this  weeding-out  that  accounts  for  the  rise  of  the 
nonefifective  rate  on  api)ropriate  days.  The  zveafhcr  conditions  seemed  to  many 
to  be  accountable  for  a  great  deal  of  sickness,  for  the  spread  of  influenza,  and 
for  the  frequency  of  pulmonary  complications.     An  analysis  of  the  data  does 
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not  cdiirinii  this  cxcfpt  in  tli<)->c'  ta-^(->  where  the  men  were  allowed  to  take  ad- 
\a11tas4c  (if  llic  txccralilc  ut-aihiT  to  remain  indoors.  The  organizations  which 
si)enl  nio>t  of  the  time  in  tlie  open,  and  which  were  theref(jre  most  exposed  to 
the  weather,  >ntVere(l  least  durinj.,'  the  e|>idemic  hiote  the  Remount  Depot). 
Fresh  air  iN  one  factor  in  this,  hut  separation  of  individuals  is  accessory.  Hous- 
ing, if  one  includes  in  the  term  overcrowding;,  has  surely  been  an  important 
factor  in  spreading;  the  epidemic.  Whether  it  ha>  had  any  appreciable  effect  uj>on 
the  incidence  of  complications  is  a  cjuestion.  The  epidemic  has  certainl}'  gone 
faster  and  was  over  sooner  because  of  the  crowding;  the  hos])ital  was  filled 
sooner  than  it  should  have  been  as  a  roull  of  the  rapidity  of  spread  of  the 
disease,  and  overcrcnvding  of  the  hospital  occurred  when  with  a  less  rapid 
spread  it  would  not  have  occurred;  but  whether  the  number  of  fatalities  or  the 
number  of  pneumonias  was  greater  than  they  should  have  been  with  less 
crowded  conditions  may  be  doubted.  Camp  Devens  was  constructed  for  a 
maxinunn  population  of  35,000  men.  At  the  time  of  the  epidemic  there  were 
45,000  men  in  it.  But  the  conditions  are  not  told  merely  by  the  numbers.  Five 
thousand  of  the  overpopulation  were  in  tents,  and  this  reduced  the  overcrowding 
to  5,000.  If  the  weather  conditions  had  not  been  so  miserable  just  prior  to 
the   outbreak   of   influenza,   most   of   the  additional    5,000   would   have   been   in 

Table  VII 
Effect  of  Len'gth  of  Service 
A.   Length  of  service  in  men  who  died  of  influenza-pneumonia: 


Less   than 

1   montli 

38 

1  month 

130 

2  months 

241 

3  months 

72 

4  months 

46 

5  months 

21 

6  months 

12 

7  months 

5 

8  months 

3 

9  months 

0 

10  months 

3 

11  months 

2 

12  months 

14 

More  than 

12  montlis 

4 

Not  given 

30 

Total  621 

B.  Data  from  the  Infantry  Organizations: 

36th  Infantry  Strength  3781 

Less  than  5  months'   service     975       Influenza  264 
More     "      "        "  "        2806  "  302 

42nd  Infantry  Strength  3757 

Less  than  5  months'  service  2182  "  611 

More "         1575  "  124 

73rd  Infantry  Strength  4241 

Less  than  5  months'  service  3593  "         1257 

More     "      •'        •'  ••  648  "  210 

74th  Infantry  Strength  2i~l^ 

Less  than  5  months'  service  2809  "         1443 

More "  914  "  397 
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tents.  Ik'fore  the  arraiii^enienls  could  be  made  the  epidemic  oi)ened.  'J'he 
large  number  of  recruits  in  the  cam])  certainly  was  a  factor  in  increasing  the 
disease  incidence,  as  shown  in  'ral)]e  \'ll. 

Associated  with  the  ])roblem  of  the  recruit  is  that  of  iiidii'idiial  sus- 
ceptibility. This  element  is  to  be  evaluated  with  the  greatest  circumspection. 
There  are  no  definite  facts  to  indicate  that  there  are  or  are  not  individuals 
who  are  not  suscejitiljle  to  the  infection.  Not  until  the  laboratory  has  some 
more  definite  information  concerning  the  cause  will  we  be  able  to  discuss  this 
question  with  any  degree  of  satisfaction.  For  the  present  it  seems  that  multi- 
plied opportunities  for  infection  play  a  more  prominent  role  than  susceptibility. 
The  general  sanitary  conditions  of  the  camp  were  excellent  before  and  during 
the  epidemic.  The  buildings  were  kept  sufficiently  warm  and  at  the  same  time 
decent  ventilation  was  enforced.  It  was  the  rule  to  require  that  at  least  50 
per  cent  of  the  ui)per  sashes  in  each  squad  room  should  be  kept  open  during 
the  night.  Beds  and  bedding  were  taken  out  of  doors  and  aired  on  every  avail- 
able day.  Tents  were  kept  open  as  a  rule,  and  w'ere  furled  on  eveiy  sunny- 
day.  Clothing  was  ample  and  there  was  a  sufficient  amount  of  bedding  for 
each  man.  There  was  but  little  dust  in  the  camp,  partly  because  of  the  general 
situation  of  the  camp,  but  largely  because  of  the  amount  of  rain.  The  bar- 
racks w^ere  wet-swept  and  mopped  with  mixtures  of  soap  suds  and  oil.  There 
were  no  mosquitoes  and  but  few  flies.  The  quality  and  quantity  of  food  was 
all  that  could  be  desired.  Promptly  after  the  onset  of  the  epidemic  all  bunks 
were  separated  by  shelter  tent  halves.  The  men  slept  with  heads  and  feet 
alternating. 

The  problem  of  the  effects  of  previous  life  in  cities  or  in  rural  districts 
was  studied  superficially  as  shown  in  Table  VIII. 

Very  early  in  the  epidemic  bacteriologic  studies  were  started.  At  first 
these  were  centered  upon  the  blood  and  were  unproductive — all  cultures  made 
from  the  blood  during  life  remained  sterile.  Attention  was  then  focused  upon 
the  sputum,  which,  wdiile  it  had  been  studied  from  the  start  with  reference  to 
pneumococcic  types,  had  not  been  systematically  examined  for  other  germs. 
It  was  immediately  plain  that  beside  the  pneumococci  and  hemolytic  strepto- 
cocci, the  sputum  contained  a  small  delicate  bacillus  which  was  apparently  iden- 
tical with  that  of  PfeifTer.  The  coexistence  of  these  various  organisms  made 
it  a  difficult  task  to  isolate  the  last.  From  the  consolidated  lungs  three  organisms 
were  isolated  at  autopsies— the  pneumococcus,  the  bacillus  of  Pfeififer  (?),  and 
a  larger  bacillus  as  yet  unidentified.  From  the  blood  of  the  heart  pneumo- 
coccus alone  was  isolated.  Early  in  the  epidemic  the  routine  work  claimed 
every  available  worker.  Later,  however,  additional  and  expert  assistance  was 
furnished.  It  is  interesting  to  consider  that  the  streptococci  though  present 
in  so  many  mouths  seemed  to  play  no  part  in  the  pathologic  changes  found 
at  autopsy.     A  different  state  of  affairs  may  develop  at  other  camps. 

Special  reports  on  the  bacteriolog}^  and  pathology  of  the  epidemic  will  un- 
doubtedly soon  issue  from  the  lal>oratory  of  the  Base  Hospital.  The  notes 
made  here  are  very  incomplete.  In  the  postmortem  reports  filed  in  the  office 
of  the  Camp  Surgeon  the  anatomic  diagnosis  "lobar  ])neumonia"  appears  in 
about  two-thirds  of  the  cases.     In  the  remaining  third  lobular,  broncho,  or  con- 
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Fluent  piicninoiiia  arc  ffi\en  as  the  cause  of  death.  It  is  believed  that  the  essen- 
tial lesion  i>  a  focal  one  lobular— which  in  the  course  of  events  may,  and  does 
in  a  conNJdciablc  nuinlicr  of  cases,  become  more  or  less  lobar  in  its  distribution. 
The  appearances  suggest  that  the  pulmtjnary  disease  begins  as  a  very  severe, 
and  often  hemorrhagic,  inflammatory  edema  ])rimarily  lobular  in  distribution, 
and  definitely  related  to  the  bn^nchi.  The  lungs  are  intensely  congested  and 
even  (|uite  generalU'   hemorrhagic  but   with   f<jcal   areas  of  con>olidation   in  the 

Tahi.i;  \III 
Data  on  I'rbax  a.vd  Rural  Pnkl  .mo.ma  Dkaths  in  Camp  Dkvk.vs 

A.  The  foUowins,''  data  bear  upon  the  distribution  of  influenza-pneunKjnia  in  urlian  and 
rural  populations.  The  population  figures  are  not  exact  and  were  derived  from  several 
sources.  They  are,  however,  believed  to  be  sufficiently  accurate  to  serve  the  purpose  for 
which  they  were  used.     All  tiie  deaths  occurred  at  Camp  Devens. 

state  populatio.v 
New   Hampshire  442„S00 

Urban  188.900 

Rural  253.6r0 

Maine  792,4{X) 

Urban  183,900 

Rural  608,500 

Vermont  363,000 

Urban  48,600 

Rural  314.400 

Massachusetts  3,729,000 

Urban  2.585,500 

Rural  1,133,500 

Connecticut  1,244,500 

Urban  597.000 

Rural  647,500 
Me.,  N.  H..  rt.. 

Mass.,  Conn.  6,571.400 

Urban  3.603,900 

Rural  2,967.500 

B.  The  following  data  bear  upon  the  distribution  of  influenza-pneumonia  in  urban  and 
rural  populations  in  Massachusetts.  There  are  not  sufficient  data  availal)le  to  make  a  similar 
comparison  in  the  other  New  England  states. 

CITIES  TOTAL  population 

Over    100.000  1,700,000 

50,000-100,000  220,000 

40,C00-  50,000  236,000 

30,000-  40,000  143,480 

20,000-  30.000  94,500 

10,000-  20,000  191.480 

Total  2,585,460 

TOWXS  POPULATION 

5,000-10,000  128.000 

2,C00-  5,(K)0  11.500 

Total  ~l39.50d 

Other  Towns  and  \'illages  1.004,040 

C.  It  is  only  in  the  group  of  deaths  for  "other  towns  and  villages"  that  any  discrepancy 
exists  in  the  series,  and  this  discrepancy  can  not  be  explained  unless  it  is  possible  that  the 
places  belong  in  one  of  the  two  former  groups.  They  may  be  suburbs,  for  instance,  of  larger 
towns  and  cities. 


DEATHS 

RATE  PER  IfJO.OCO 

43 

9.7 

15 

7.9 

28 

11.1 

115 

14.5 

18 

9.7 

97 

15.9 

47 

12.9 

5 

10.3 

42 

13.3 

215 

5.7 

141 

5.4 

74 

6.5 

66 

5.3 

30 

5.0 

36 

5.5 

486 

7.3 

209 

5.8 

277 

9.4 

DEATHS 

RATE  PER  100.000 

75 

44 

10 

4.5 

12 

5.1 

12 

8.3 

9 

9.5 

23 

12.0 

141 

5.4 

deaths 

rate  per  100.000 

23 

17.9 

5 

42.6 

28 

20.0 

46 

4.5 
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region  of  the  hilus.  They  liave  many  of  the  characteristics  of  the  lungs  of  ani- 
mals suffering  from  hemorrhagic  septicemia.  From  the  hila  the  inflammatory 
changes  appear  to  extend  peripherally  following  the  bronchi.  vSuch  true  con- 
solidation as  occurs  is  [)atchy  and  the  areas  do  not  have  the  gray,  dryish,  granu- 
lar appearance  of  the  usual  hjbar  pneumonia.  Upon  the  pleurae  there  may  be 
scanty  collections  of  hbrin,  and  in  the  pleural  cavities  there  are  apt  to  be  ac- 
cumulations of  clear  serous  fluid.  Pericarditis  does  not  seem  to  be  common. 
The  main  bronchi,  and  often  the  laiynx  and  pharynx  are  quite  congested  and 
even  hemorrhagic,  a  condition  which  may  account  for  the  presence  of  bright 
blood  in  the  sputum  in  many  cases.  The  cervical  and  peribronchial  lymph 
glands  are  congested  and.  at  least  in  some  instances,  studded  with  foci  of  ne- 
crosis so  that  they  resemble  lesions  found  in  plague. 

While  it  is  true  that  the  Medical  Department  bore  the  brunt  of  the  fight 
against  the  epidemic,  it  is  also  true  tliat  without  the  help  of  the  line,  officers 
and  men,  the  battle  would  have  been  lost.  The  line  cooperated  to  the  fullest 
possible  extent  and  helped  in  every  possible  way.  Nevertheless  the  strain  upon 
the  Medical  Department  was  almost  unbearable.  At  first  there  were  not  enough 
doctors  and  nurses.     Later  this  lack  was  corrected. 

During  the  epidemic  the  regimental  infirmaries  were  kept  running  day 
and  night,  and  w^ere  subject  to  inspection  at  any  time  in  the  twenty- four  hours. 
Scarcely  a  night  passed  that  some  one  from  the  Camp  Surgeon's  office  did  not 
drop  in  at  the  various  infirmaries  to  see  that  the  work  was  going  on,  and  to 
go  out  with  the  Surgeon  to  the  barracks  to  see  if  any  one  in  need  of  attention 
was  being  overlooked  and  to  see  that  the  squad  rooms  were  in  proper  order 
and  were  well  ventilated.  On  these  trips  any  man  who  even  looked  as  though 
he  might  be  sick  was  examined  and  if  he  showed  any  definite  signs  he  was  sent 
to  the  hospital  or  placed  in  an  isolation  room  for  observation.  In  order  to  pro- 
vide for  such  a  continuous  medical  service  for  the  more  than  40,000  men  the 
members  of  special  boards  were  detailed  to  the  infirmaries  or  to  the  Base  Hos- 
pital. It  came  about  in  this  way  that  every  medical  man  in  the  camp  was  on 
constant  active  duty  at  the  height  of  the  epidemic.  The  Camp  Surgeon  was  in- 
defatigable in  his  efforts  to  see  that  everything  was  done  that  could  be  done,  and 
deserves  the  most  unstinted  praise. 

.  Methods  of  isolating  the  bunks  in  barracks  in  attempting  to  control  the 
epidemic  have  already  been  mentioned,  as  have  other  sanitary  methods.  Pre- 
ventive measures  other  than  separating  beds,  keeping  the  men  out  of  doors  as 
much  as  possible,  and  separating  themj  at  mess,  do  not  seem  to  have  been  valu- 
able— at  least  they  have  shown  no  decided  effects.  Just  what  the  study  of  the 
whole  situation  will  show  the  value  of  masks  to  have  been,  remains  to  be  seen. 
At  Camp  Devens  they  were  not  used.  We  felt  that  masking  might  well  be 
useful  provided  the  masks  were  properly  made  and  if  they  were  worn  with 
military  precision.  During  such  a  period  of  stress  as  that  which  prevailed 
during  the  epidemic  this  could  not  be  accomplished.  In  the  Base  Hospital  pre- 
vious to  this  epidemic  the  surgeons  and  nurses  and  attendants  have  worn  no 
ma.sks  and  have  escaped  pneumonia  and  other  diseases  very  consistently.  Dur- 
ing the  epidemic  they  did  wear  them  and  they  have  suffered  severely  from  the 
disease.     Visitors  at  the  hospital   were  required  to  wear  masks.     At   no  time 
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^vc^c•  the  ciitcrlainmcin  huildiiiKs  closed  tcj  men,  hut  all  j;atherinj(s  were  inter- 
dicted and  no  entertainments  were  fjiven.  Visiting  within  the  camp  was  per- 
mitted only  to  friends  of  men  on  the  dangerously  sick  list. 

In  conclusion  only  this  can  be  said,  that  the  epidemic  hit  Camp  Devens  at 
a  time  when  it  was  unexpected.  The  attack  was  unheralded  from  any  source 
and  there  were  no  precedents  to  guide  in  its  management.  From  the  start  more 
emphasis  was  placed  upon  early  recognition  and  iKjsffitalization,  and  every  case 
was  looked  upon  and  treated  as  a  potential  pneumonia.  Little  emphasis  was 
placed  upon  quarantine  and  preventive  measures  except  those  which  kept  men 
out  of  doors  as -much  as  possible  and  those  which  kept  men  apart  in  barracks 
and  mess  halls. 

Table  IX  contains  a  statistical  summary  of  the  epidemic  by  weeks. 


Table  IX 


SEPT. 

SEPT. 

SEPT. 

SEPT. 

SEPT. 

25- 

OCT. 

OCT. 

OCT. 

OCT. 

4 

4-10 

11-17 

18-24 

OCT.  1 

2-8 

9-15 

16-22 

23-29 

OCT. 

29 

Average  strength  of  command 

45096 

44565 

45380 

45347 

45153 

44450 

43383 

41145 

44315 

Average  white  strength 

42005 

41478 

42307 

42037 

41836 

41113 

40013 

38625 

41192 

Average  black  strength 

3091 

3087 

3073 

3310 

3317 

3317 

3270 

2520 

3123 

Total  influenza  cases 

* 12924 

1076 

289 

135 

92 

67 

14583 

Total  pneumonia  cases 

49 

102 

1020 

1415 

119 

49 

30 

33 

2817 

Annual  rate  per  1000  (pneumonia) 

76 

157.5 

1548 

2182 

136.9 

77.2 

34.9 

42.3 

413 

Total  pneumonia  deaths 

3 

8 

212 

437 

94 

24 

5 

4 

**787 

Annual   mortality  rate  per   1000 — 

pneumonia 

3.4 

9.3 

242  2 

500 

108.2 

28.1 

6.1 

5.9 

114 

Total  black  pneumonias 

25 

30 

"l26 

62 

25 

6 

6 

18 

298 

Annual    rate    per    1000 — black 

pneiunonia 

421 

504 

2127 

978 

393 

94.4 

95.4 

372 

619 

Black  pneumonia  deaths 

3 

0 

29 

37 

12 

4 

0 

2 

***87 

Annual  rate  per  1000  black  pneu- 

monia mortality 

50.4 

0 

490 

581 

188 

62.6 

0 

41.2 

183 

Total  white  pneumonias 

24 

72 

894 

1353 

94 

43 

24 

15 

2519 

Annual  rate  per  1000 

29.7 

90.2 

1075 

1673 

116 

54 

31 

20 

53.5 

Total  white  pneumonia  deaths 

0 

8 

183 

400 

82 

2C 

5 

2 

700 

Annual  rate  per  1000 

0 

10.2 

224 

494 

101 

25 

6.4 

2.7 

14.9 

•Includes   cases   reported   since    Sept.    4. 
**  =  27.9%   case  mortality. 
*••  =  29.5%   case  mortality. 

APPENDIX 

Since  the  preparation  of  the  above  notes,  a  superficial  study  has  been  made,  which  was 
perforce  largely  retrospective,  of  the  part  played  in  transmission  of  disease  by  methods  of 
washing  dishes  in  the  various  messes.  It  may  be  said,  that  generally  speaking,  the  com- 
mon method  of  washing  iness  kits  is  for  each  man  to  wash  liis  own  kit,  and  this  he  does  by 
passing  in  line  before  a  series  of  large  cans  filled  with  hot  water,  into  which  he  dips  his 
utensils.  The  first  two  of  the  series  of  cans  are  filled  witli  hot,  soapy  water;  the  last,  with 
clear,  hot  water.  An  alternative  method  consists  in  pooling  the  mess  kits  and  having  them 
washed  in  the  kitchen  by  the  kitchen  police.  The  latter  method  pre-supposes  a  better  supply 
of  hot  water,  so  that  after  the  final  rinsing  the  kits  are  drained  and  dried,  and  dish  towels 
are  done  away  with.  Where  this  alternative  method  has  been  used,  the  influenza  rate  has 
been  said  to  be  lower  than  w^hen  the  common  method  is  in  use  (see  Lynch  and  Gumming: 
The  Milihiry  Surgeon,  Dec,  1918,  xliii,  597).  Special  investigation  of  this  aspect  of  the 
question  indicates  that  at  the  Remount  Depot,  the  Quartermaster  Corps  messes,  and  in  the 
messes  of  the  36th  Infantry,  greater  care  was  exercised  in  the  washing  of  mess  kits,  and 
that  at  the  Remount  Depot  and  Quartermaster  Corps,  the  mess  kits  were,  almost  without 
exception,  pooled. 

It  seems  from  the  indications  to  date  tliat  the  matter  of  hand-to-food,  and  hand-to- 
dish  transmission  is  one  that  may  well  be  considered  by  health  authorities  (note  its  im- 
portance at  public  eating  places)   and  by  individuals  in  their  houses. 


THE  NATURE  OF  THE   LYMPHOCYTOSIS   OF   ACUTE  INFECTIONS 


Bv  \\  iLi.iAM  E.  Sanders,  B.S.,  A.M.,  M.D.,  Des  Moines,  Iowa. 

ONE  of  the  most  striking  phenomena  of  the  acute  infectious  diseases  is  the 
variation  in  the  absokite  number  and  the  relative  proportion  of  the  differ- 
ent forms  of  the  white  blood  cells  as  observed  in  the  peripheral  blood. 

Such  a  study  of  the  leucocyte  count  is  now  recognized  as  one  of  the  most 
constant  criteria  for  the  differentiation  of  many  of  the  acute  febrile  infections. 

The  most  striking  feature  in  such  conditions,  with  perhaps  the  exceptions 
of  lues,  pertusses,  and  typhoid,  is  an  absolute  increase  in  the  leucocytes  and  a 
relative  increase  in  the  polynuclear  neutrophils. 

Within  the  past  few  years  a  few  cases  of  acute  infective  lymphocytosis, 
the  nature  of  which  is  not  at  all  well  understood,  have  found  their  way  into  the 
literature. 

Among  these  may  be  mentioned  particularly  the  contributions  of  F.  Mar- 
chand\  and  R.  C.  Cabot-,  the  latter  reporting  five  cases,  in  one  of  which  the 
lymphocyte  count  reached  as  high  as  86  per  cent. 

A  critical  study  of  some  of  the  reported  cases  leaves  one  somewhat  uncer- 
tain as  to  their  true  nature,  and,  indeed,  it  is  not  always  possible  to  determine 
whether  a  given  case  should  be  classified  as  an  acute  lymphocytosis  or  an  acute 
lymphatic  leucemia  as  is  so  well  brought  out  in  some  of  the  cases  reported  by 
Barker,  Baetjer,  and  Miller^. 

The  present  paper  reports  a  fatal  case  of  Ludwig's  Angina  in  which  a 
remarkable,  so-called,  lymphocytosis  was  observed,  and  it  is  my  purpose  to  use 
it  as  a  basis  for  a  possible  criticism  of  the  infective  lymphocytoses. 

CASE    HISTORY 

This  concerned  a  young  farmer  twenty-six  years  of  age,  of  good  family  and  per- 
sonal history,  and  who  had  just  recently  been  accepted  for  life  insurance,  and  whose  ill- 
ness began  with  symptoms  resembling  a  cold  in  the  early  part  of  December,    1915. 

About  the  last  of  the  mouth  he  visited  friends  in  Oklahoma  and  returned  to  his 
home  in  southern  Iowa  in  January  not  feeling  quite  well  and  within  a  few  weeks  de- 
veloped a  sore  mouth,  with   swelling  and  redness  of  the  gums  and   marked   salivation, 

Notwithstanding  the  usual  treatment  for  stomatitis  the  mouth  failed  to  improve  and 
by  the  middle  of  February  he  began  to  show  a  slight  fever  with  swelling  of  the  right 
submaxillary   region. 

After  about  two  weeks  this  was  opened  liv  a  deep  incision,  and  a  very  little  pus  and 
blood  secured  which  showed  a  diplococcus,  thought  to  be  the  pneumococcus,  and  from 
which  a  vaccine  was  made. 

He  was  treated  with  this  vaccine  for  several  weeks  during  which  time  the  submaxil- 
lary swelling  subsided  and  the  stomatitis  slightly  improved. 

About  the  first  week  of  April  a  swelling  rapidly  developed  under  the  left  jaw  and 
he  was  referred  to  me  at  the' Iowa  Methodist  Hospital  on  the  evening  of  April  10. 

He  was  fat,  but  very  pale,  and  had  a  swelling  of  woody  hardness  in  tlie  left  floor 
of  the  mouth  and  under  the  left  jaw,  extending  well  onto  the  neck. 

The  mucous  membranes  were  very  pale  and  the  gums  so  badly  swollen  as  to  almost 
conceal  the  free  margins  of  the  teeth  and  from  which  could  be  wiped  away  a  thrush 
like  exudate  and  a  small  amount  of  pus  expressed  from  their  dental  margins. 

The  breath   was  remarkedly  free  from   fetor,   and  there  was   considerable  salivation. 
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The  clit'st  was  ncj^ativc  cxccj)!  a  soft  systolic  miirimir  over  the  cardiac  apex,  and 
the   s|)lccn   was   just   palpahle. 

Neither  sii^ar  nor  alhiiinin  was   found  in  tlic  urine. 

Blooil  counts  nia(k'  on  tlie  twelfth,  during  which  time  the  tempeniture  ranged  from 
lOr  to  104.8°  F.,  shuv.id  iunioi^loliin  65  per  cent  erythrocytes.  2,0(KX),(XXJ,  slight  aniso- 
cytosis,    an    occasional    nucleated    and    a    few    stipjiled    red    cells. 

The  leucocyte  count  was  11,(K)U,  of  whicii  %  per  cent  were  classed  as  lymphocytes, 
mostly  of  the  larger  variety. 

Almost  daily  examinations  throughout  the  following  week,  at  which  time  he  died, 
showed  essentially  the  same  condition  of  the  leucocytes,  though  the  total  count  rose  to 
15,000  and  on  the  day  of  death  to  23.000. 

Cultures  from  a  very  small  amount  of  pus  secured  by  radical  operation  of  the 
submaxillary  triangle  on  April    13  revealed  pure  cultures  of  staphylococcus  aureus. 

Blood   cultures   were  not  made. 

During  the  last  tw-o  days  of  illness  swelling  occurred  in  the  deep  cervical  lymphatics 
of  the  right  side,  while  the  swelling  of  the  left  jaw  extended  to  the  soft  palate,  the  left 
eye  and  the   left  upper  chest. 

There  was  severe,  sudden  pain  in  the  left  eye  hall,  and  hemorrhages  occurred  from 
the  nose,  mouth,  and  bowels. 

Within  a  few  hours  after  death  the  body  became  markedly  emphysematous,  and  at 
autopsy  the  internal  organs  showed  the  characteristic  frothy  appearance  of  gas  bacillus 
infection. 

Smears  and  sections  from  these  organs  showed  this  organism  present  in  great  numbers. 

\\'ith(jut  (lisciissiiii,^  the  jiriniary,  or  the  secondary  nature  of  the  moulh  in- 
fection, or  the  equally  interesting  relationship  of  the  gas  bacillus  to  the  anemia'', 
it  is  interesting  to  observe  that  the  relative  lymphocytosis  here  observed  is 
greater  than  that  hitherto  reported. 

Cabot  reports  86  per  cent  in  one  of  his  cases,  while  this  case  showed  96  per 
cent. 

Unfortunately  the  fresh  slides  were  only  studied  with  the  Wright  stain, 
while  those  which  were  preserved  at  the  time  were  studied  months  later  with 
Wright's,  Giemsa's,  and  hematoxylin  and  eosin. 

It  is  greatly  to  be  regretted  that  these  slides  were  not  studied  for  the  leuco- 
protease  and  peroxidase  reactions,  for  without  these  the  nature  of  those  cells  which 
wc  have  taken  for  lymphocytes  must  remain  somewhat  questionable,  notwith- 
standing that  by  the  methods  employed  there  was  scarcely  a  question  of  their 
nature. 

The  almost  constant  and  uniform  nature  of  the  dominant  cell  with  a  simple 
nucleus  and  a  well  developed  ring  of  nongranular  cytoplasm  left  little  room  for 
doubt  that  they  were  what  we  have  all  hitherto  regarded  as  large  lymphocytes. 

About  nine  per  cent  of  the  total  leucocytes  are  without  questioti  the  small 
lymphocytes,  and  about  an  equal  percentage  no  one  would  doubt  as  large  lympho- 
cytes, but  these  latter  grade  away  insensibly  into  larger  nongranular  mononuclear 
cells  which  from  their  morphology  and  tinctorial  jiroperties  everv  one  who 
studied  them  looked  u]ion  as  lymphocytes.  l)ut  which  after  a  more  careful  study, 
taken  in  connection  with  certain  other  hematological  and  clinical  features  of 
this  case  T  am  inclined  to  lielicN  e  are  susceptible  of  another  interpretation.^-  ®-  " 

A  stud\-  of  355  cells  from  various  slides  made  at  various  times  throughout 
the  last  week  of  illness  showed  only  13  with  distinct  neutrophilic  granules,  while 
the  remaining  542  were  classified  as  nongratnilar,  the  total  numbers  and  per- 
centajres  beinsr  as  follows : 


346  THE  .lorkXAi,  oF  lahouatokv  and  clinical  medicine 

Nongranular    Cells.  Total 97%. 

Small  nongranular  lymphocytes,  51 9%. 

Large  nongranular  lymphocytes,  51 9%. 

Large  nongranular  mononuclears,  (lymphocytes?)        424 77%. 

Transitional,    (indented    nongranulars)  6 1%. 

Polymorphonuclears,    (nongranulars)  7 1%. 

Neutropliilc  Granidars.  Total 3%. 

Large  slightly  granular  mononuclears   (lymphocytes?)     8 1%. 

Polymorphonuclear   granular    (leucocytes)  5 1%- 

Eosinophiles   and    Basophiles  0 0%. 

From  the  above  table  it  is  seen  that  about  95  per  cent  of  the  cells  are 
mononuclear,  nongranular  leucocytes,  apparently  identical  though  in  some  in- 
stances slightly  larger  than  the  so-called  large  lymphocyte,  and  from  the  blood 
picture  one  would  hardly  hesitate  to  make  the  diagnosis  of  lymphocytosis  or 
possibly  lymphatic  leucemia,  though  for  the  latter  the  total  leucocyte  count  is 
very  low. 

It  seemed  impossible  to  conceive  that  lymphocytes  could  migrate  into  the 
cellular  tissues  of  the  floor  of  the  mouth  and  neck  in  sufficient  numbers  to  ac- 
count for  the  extensive  board-like  swelling. 

We  therefore  believe^  that  they  are  the  immature  histological  antecedents 
of  the  granular  myelocyte ;  viz.,  the  nongranular  myeloblast,  and  that  future 
studies  by  the  more  recent  methods  will  show  the  leucocyte  of  the  infective 
lymphocytoses,  and  most  likely  the  acute  lymphoid  leucemias  to  be  of  myeloid 
instead  of  lymphoid  origin. 
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Bv  MoYKK  S.  Fi.KisiiivK,  Captain,  M.R.C,  and  C.  D.  Hamilton, 
First  Lieutenant,  M.  R.  C. 


DURING  the  latter  i)art  ..l  .Marcli  and  early  part  of  April,  1918,  there 
occurred  at  Camp  W  adsworth  an  epidemic  of  measles  and  practically  con- 
comitant with  it  an  epidemic  form  of  bronchopneumonia  associated  with  em- 
pyema.! Durint;  this  time  there  were  some  200  cases  of  measles,  and  21  cases 
of  broncho[)neum()iiiii  or  em])yema  in  which  a  hemolytic  streptococcus  was  the 
causative  ai^cnt. 

In  the  main  the  characteristics  of  this  epidemic  were  similar  to  those  noted 
in  other  camps.  The  number  of  cases  occurring  here,  however,  was  not  very 
large,  and  the  infection  with  the  hemolytic  streptococcus  was  confined  very 
largely  to  the  men  of  two  organizations  (1st  Pioneer  Infantry,  and  2nd  Pio- 
neer Infantry). 

Of  the  21  cases  of  bronchopneumonia  and  empyema,  8  were  among  men 
in  the  1st  Pioneer  Infantry,  7  were  in  the  2nd  Pioneer  Infantiy.  The  men 
afifected  were  chiefly  men  wdio  had  recently  arri\ed  at  this  camp  and  were 
individuals  from  sparsely  settled  districts  who  were  in  their  organizations 
brought  into  contact  with  men  who  had  been  in  camp  for  some  time  and  who 
came  originally  from  larger  cities.  It  is  also  interesting  to  note  that  two 
regiments  were  quartered  alongside  each  other.  The  other  6  cases  were  dis- 
tributed among  other  organizations.  It  also  seems  that  in  the  cases  occurring 
in  this  camp  there  was  less  of  a  tendency  towards  the  development  of  meta- 
static lesions  than  had  been  observed  at  some  other  camps. 

At  the  same  time  that  this  small  epidemic  existed,  a  number  of  other  cases 
of  pneumonia  occurred,  largely,  however,  of  infection  due  to  a  Type  4  pneu- 
mococcus.  As  the  infections  with  the  hemolytic  streptococcus  subsided,  there 
was  noted  a  marked  increase  in  the  number  of  pneumonias  due  to  a  nonhem- 
olytic streptococcus.  This  is  best  seen  in  the  table  showing  the  cases  typed 
for  pneumococcus  during  the  months  of  April  and  May. 

Table    1 


SPUTUM 


APRIL 

PLEURAL  FLUID 


MAY 
SPUTUM  PLEURAL  FLUID 


Type       I  5 

Type      II  4 

Type    III  6 

Type    IV  34 

Hemolytic  Streptococcus  13 

Nonhemolytic  Streptococcus  3 

Negative  0 


1 
0 
2 
6 
11 
4 
6 


0 
0 
2 
2 
22 
0 


The  interesting  facts  presented  by  this  table  are,  first,  that  the  infections 


•Published  by  permission  of  the  Surgeon  General. 

tThere  were   also  at  this   time   a   considerable   number   of  infections   of   the    upper   respiratory   tract 
being  admitted  to  the  Base  Hospital  which  were  probably  due  to  hemolytic  streptococcus  infections. 
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with  hemolytic  streptococci  disappeared  ahnost  entirely  in  the  month  of  May, 
but  that  in  the  place  of  the  hemolytic  streptococcus  there  appeared  a  nonhem- 
olytic streptococcus  which  was  the  most  important  causative  agent  in  the 
pneumonias  occurring  during  the  month  of  May.  Infections  with  the  nonhemo- 
lytic streptococcus  began  to  appear  in  the  latter  part  of  April,  and  concomitantly 
the  infections  with  hemolytic  streptococci   fell  off  in  frequency. 

It  is  not  our  intention  to  dwell  upon  any  of  the  aspects  of  the  epidemic 
of  bronchopneumonia  and  empyema,  as  it  presented,  at  least  from  the  bacterio- 
logic  point  of  view,  but  little  difference  from  the  conditions  noted  at  other 
camps.  Suffice  it  to  say  that  in  nearly  all  cases  in  which  hemolytic  strepto- 
cocci were  found  in  the  sputum,  the  same  organisms  were  also  found  in  the 
pleural  exudate.  At  autopsy,  conditions  very  similar  to  that  described  by  Mc- 
Callum  as  being  found  at  Fort  Sam  Houston  during  the  epidemic  there  were 
seen.  Blood  cultures  during  life  were  negative  and  the  only  blood  culture 
which  was  positive  for  hemolytic  streptococci  was  taken  within  twenty-four 
hours  of  death,  and  after  the  individual  had  had  a  resection  of  a  rib  done. 
Culture  from  the  lungs  and  from  the  heart's  blood  after  death  showed  hemo- 
lytic streptococci  in  all  cases  which  were  so  cultured. 

The  one  aspect  of  this  rather  short-lived  epidemic  upon  which  we  wish 
to  dwell  is  the  occurrence  of  hemolytic  streptococci  among  the  troops  of  this 
camp  during  and  after  the  epidemic.  During  the  latter  part  of  the  epidemic 
and  for  some  time  afterwards,  we  made  a  survey  for  hemolytic  streptococci  of 
the  patients  entering  the  Base  Hospital  and  the  patients  in  the  wards  of  the 
hospital,  which,  while  not  quite  as  extensive  or  as  exhausti\e  as  we  shuuld  have 
liked,  does  furnish  us  some  rather  interesting  data. 

A  hrst  suggestive  sign  was  noted  some  time  Ijefore  the  epidemic  appeared. 
During  the  latter  part  of  March  and  early  part  of  April  a  large  number  of 
throat  cultures  were  taken  for  the  detection  of  meningococcus  carriers,  these 
being  taken  in  the  1st  Pioneer  Infantry,  when  it  was  observed  that  a  \ery  large 
number  of  these  plates  showed  small  colonies  about  which  there  was  distinct 
hemolysis.  While  no  examination  was  made  of  these  colonies  to  determine 
whether  they  were  hemolytic  streptococci  it  seems  that  ])r()])ably  they  were 
and  that  we  had  here  the  primary  focus  from  which  the  organisms  which 
were  later  the  cause  of  the  epidemic  were  spread.  It  should  be  borne  in  mind 
that  it  was  particularly  in  this  regiment  that  the  measles  and  a  large  ])eroentage 
of  the  hemolytic  streptococcus  ]>ulmonary  infections  arose.  It  was  in  the 
regiment  fjuartered  in  the  adjoining  (|uarlers  ihal  the  next  largest  number  of 
hemolytic  streptococcus  infections  arose. 

\\  hen  the  nature  of  the  c])idemic  was  actually  noted,  a  surwy  was  begun 
ot  c.'i<("^  ridmitted  to  the  hospital,  of  selected  sus])icious  cases  and  of  certain 
wards  in  the  hospital  to  detect  the  prc-sence  ot'  ln-molytic  streptococci  in  llie 
throats  of  the  patients.  As  the  epidemic  was  ratlier  slioit  lived  and  disap 
pcared  rather  shortly  after  its  nature  was  appreciated,  our  n-sults  are  not  very 
extensive  or  as  full  as  we  should  have  liked  lliein  to  be:  ne\  erlheless,  we 
believe  th;it   they  point   in  tlic  direction  of  certain  interesting  tacts. 

During  the  month  of  April  throat  cultures  were  taken  from  203  indi- 
viduaN  and  were  examinecl   for  hemolytic  streptococci,  of  which  S()  were  posi- 
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live— 42  per  cent.  huiiui;  the  month  of  May,  wlicn  the  infections  with 
hemolytic  streptococci  had  practically  disappeared,  a  total  of  230  were  examined 
and  of  these  only  21  shcnvcd  hcniol)lic  streptococci — 9.5  ])er  cent.  These  22 
positive  cases  were  noted  in  the  cultures  taken  in  the  early  part  of  May  and 
duriuii;'  the  latter  part  of  the  month  oiil\-  one  positi\e  culture  for  hemolytic 
stre])tococci  was  obtained.  The  figures  just  mentioned  represent  figures  for 
■cases  admitted,  especially  selected  cases  and  various  wards  in  the  hospitals. 

Cultures  were  taken  from  cases  admitted  t(j  the  hospital  from  April  23 
on;  both  medical  and  surgical  admissions  were  examined:  this  was  done  so 
that  we  would  have  cases  of  a  general  type  and  not  only  medical  cases  which 
might  possibly  rq:)resent  chiefly  cases  of  tonsillitis,  or  pharyngitis. 

Table    II 
Cultures  and  Admissions  for  Hemolytic  Streptococci 

april  2-30 may  1-31 

Total  6 

Positive       0 

Total         40 
Positive       0 

Total          46 
Positive       0 

The  very  marked  difference  between  the  cultures  taken  in  April  and  those 
taken  in  May  is  evident,  and  it  appears  that  a  disappearance  of  hemolytic 
streptococci  took  place  about  the  end  of  April. 

During  the  latter  part  of  April  and  early  part  of  May  throat  cultures 
were  taken  from  a  number  of  medical  cases  in  which  it  was  suspected  that 
hemolytic  streptococci  might  be  present.  This  was  done  as  a  precautionary 
measure  for  purposes  of  isolation  of  such  cases  and  in  order  to  treat  such 
cases  to  rid  them  of  the  organisms,  lietween  April  IZ  and  April  30,  20  indi- 
viduals were  cultured  and  7  were  positive.  After  April  30,  20  more  were  cul- 
tured and  only  3  were  positive.  These  figures  correspond  to  a  certain  extent 
with  the  figures  noted  in  the  cultures  of  admitted  cases  ;  it  should  be  mentioned 
that  the  cultures  of  selected  cases  were  taken  only  during  the  early  part  of  May 
while  the  cultures  from  admissions  were  taken  at  various  periods  throughout 
the  month. 

WARD    INrECTIONS 

In  the  article  Ijv  Cole  and  McCallum  it  is  suggested  that  the  hemolytic 
streptococci  are  spread  to  individuals  by  transmission  while  the  patients  are 
in  the  wards.  This  statement  is  based  upon  repeated  cultures  taken  of  in- 
dividuals in  measles  wards,  and  it  is  shown  that  the  longer  the  individuals  are 
in  the  wards,  the  greater  the  number  of  individuals  showing  hemolytic  strepto- 
cocci. 

We  have  not  carried  out  similar  examinations,  but  have  in  some  cases 
taken  cultures  from  the  individuals  in  certain  wards  previous  to  admissions 
of  carriers  of  hemplytic  streptococci  to  that  ward,  and  have  again  cultured  the 
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individuals  in  tlic  ward  some  lime  alter  the  admission  of  ilie  carriers.  We 
have  also  made  several  examinations  of  certain  wards.  Our  results  do  not 
seem  to  point  to  the  fact  that  ward  infection  does  take  place  under  the  con- 
ditions existing'  in  general  medical  wards  or  in  pneumonia  wards.  We  can  not, 
how^ever,  give  any  evidence  concerning  the  possibility  of  ward  infections  in 
measles  wards  as  our  investigations  do  not  admit  of  any  conclusions  regard- 
ing these  wards. 

On  April  22  a  positive  carrier  of  hemolytic  streptococci  was  admitted  to 
one  of  the  general  medical  wards ;  three  days  later  all  the  patients  in  this  ward 
were  cultured  and  only  this  one  individual  was  found  to  be  positive.  It 
is  of  course  possible  that  the  time  elapsing  between  the  introduction  of  this 
positive  carrier  into  the  ward  and  the  culturing  of  the  entire  ward  was  too 
short  for  infection  to  take  place;  however,  within  three  days  Cole  and  Mc- 
Callum  noted  a  marked  increase  in  the  percentage  of  individuals  positive 
for  hemolytic  streptococci  in  the  measles  ward  which  they  examined. 

On  April  25  the  patients  in  another  ward  were  all  cultured  and  3  out  of 
29  were  positive  for  hemolytic  streptococci.  On  April  29  another  individual 
with  hemolytic  streptococci  was  admitted  to  this  ward;  four  days  after  this 
last-named  individual  was  admitted,  the  entire  ward  was  again  cultured  and 
only  one  individual  was  found  to  be  positive  for  hemolytic  streptococci. 

On  April  25  a  patient  in  tlie  lobar  pneumonia  ward  was  found  to  have 
hemolytic  streptococci  in  his  throat.  The  entire  ward  was  cultured  three  days 
later  and  out  of  30  individuals  only  this  one  man  was  positive;  two  more  posi- 
tive carriers  were  brought  to  this  ward  on  April  29  and  four  days  later  the 
entire  ward  was  cultured  and  these  original  three  were  the  only  ones  who  had 
hemolytic  streptococci  in  their  throats. 

Somewhat  similar  results  were  noted  in  still  another  ward.  In  no  case 
w^as  there  any  evidence  whatsoever  that  the  introduction  of  individuals  wdio 
were  carriers  of  hemolytic  streptococci  into  a  ward  had  any  effect  in  spreading 
the  infection  with  this  organism  to  the  other  individuals  in  the  ward ;  and  so- 
called  "ward  infection"  does  not  seem  to  have  taken  place. 

THE  RELATION  EETW'EEX   MEASLES  AND  HEMOLYTIC   STREPTOCOCCI 

The  presence  of  hemolytic  streptococci  in  the  throats  of  individuals  af- 
fected w^ith  measles  has  come  to  be  pretty  Avidely  accepted.  At  the  time  that 
the  measles  epidemic  first  appeared  in  Camp  W^adsworth,  the  men  aft'ected 
came  very  largely  from  one  organization  (1st  Pioneer  Infantry)  although  the 
other  individuals  aft'ected  with  measles  were  pretty  widely  scattered  so  far  as 
concerns  organizations.  Cultures  were  made,  the  last  days  of  April,  of  the 
throats  of  all  individuals  in  two  measles  wards,  and  of  the  35  individuals  cultured 
23  showed  hemolytic  streptococci.  In  these  wards  somewhat  more  than  50 
per  cent  of  the  individuals  came  from  the  1st  Pioneer  Infantry.  Alumps  was 
also  epidemic  at  this  time,  and  was  especially  prevalent  in  the  same  organiza- 
tion; we  took  cultures  in  the  mumps  ward  at  about  the  same  time  that  we 
cultured  the  measles  ward,  and, here  out  of  35  men  18  were  positive  for  hemo- 
lytic streptococci.  There  w^ould  appear  from  the  figures  above  to  be  some  re- 
lation between  measles  and  hemolytic  streptococci,  but  certainly  not  a  specific 
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rclatidii.    siiuf    iIk-    pcrccntaf^'c   of   positive   carriers   amon^   the   individuals   af- 
fected with  iminii>s  was  quite  as  hij^li  as  amonj^  the  patients  with  measles. 

Durini,'^  the  latter  j)art  of  May  a  number  of  cultures  were  taken  of  the 
patients  at  that  time  in  the  measles  wards,  anrl  of  61  individuals  cultured,  none 
showed  hemolytic  streptf)cocci.  These  men  were  chiefly  if  not  entirely  in- 
dividuals from  different  orjj^anizations  from  those  which  had  been  affected  with 
measles  in  the  previous  month  and  had  but  recently  come  to  the  camp.  There 
seems  here  to  be  definite  evidence  that  there  is  no  connection  between  measles 
and  hemolytic  streptococci ;  and  that  the  previous  findings  of  the  prevalence 
of  hemolytic  streptococci  among  measles  cases  was  only  chance. 

DISCUSSION 

It  appears  fr(jm  facts  gathered  during  and  after  a  mild  epidemic  of 
bronchopneumonia  associated  with  empyema  in  which  the  streptococcus  hemo- 
lyticus  was  the  principal  organism,  that  at  the  time  of  this  epidemic  and  probably 
preceding  the  appearance  of  the  epidemic  there  was  a  large  number  of  car- 
riers of  hemolytic  streptococci  present  in  the  camp.  A  majority  of  the  cases 
of  bronchopneumonia  and  empyema  occurred  in  the  organization  in  which  it 
is  probable  that  numerous  carriers  were  present.  However,  even  in  patients 
in  the  hospital  in  whom  hemolytic  streptococci  were  found  in  the  throat  we 
did  not  see  the  development  of  the  streptococcus  empyema  syndrome ;  so  that 
it  is  evident  that  factors  other  than  the  presence  of  hemolytic  streptococci  are 
of  importance  in  the  development  of  this  condition.  AMiat  this  may  be  we 
can  not  state.  Fox  and  Hamburger  dwell  at  length  in  their  articles  upon  the 
several  factors  which  might  be  of  importance  in  development  of  the  disease. 
It  is  unfortunate  that  we  do  not  know  whether  these  men  who  were  so  severely 
affected  by  this  condition  became  infected  here  or  were  already  affected  be- 
fore they  arrived  at  camp ;  it  is,  however,  probable  that  they  were  carriers 
before  they  arrived  at  Camp  W'adsworth.  They  came  to  this  camp  about  the 
middle  or  the  latter  part  of  March  and  within  a  few  days  after  their  arrival 
here  the  organization  was  cultured  for  meningococcus  carriers,  at  which  time 
as  previously  stated  they  showed  apparently  a  large  number  of  positive 
hemolytic  streptococcus  carriers.  It  is  of  course  possible  that  they  may  have 
"been  infected  before  their  arrival  at  Camp  Wadsworth,  but  the  fact  remains 
that  the  streptococci  if  they  were  present  at  the  end  of  March  did  not  be- 
come virulent  until  some  two  weeks  later.  Possibly  they  were  gradually 
acquiring  increasing  virulence  as  Fox  and  Hamburger  have   suggested. 

It  has  been  shown  above  that  ward  infection  with  hemolytic  streptococci 
did  not  take  place  here  during  the  height  of  infection  with  hemolytic  strepto- 
coccus. It  is  possible  that  under  different  conditions  and  dealing  with  a  more 
virulent  infection  or  possibly  with  men  under  different  conditions  such  in- 
fections in  wards  may  occur,  but  it  can  not  be  accepted  that  it  does  occur  as 
a  general  thing. 

It  has  also  been  shown  that  hemolytic  streptococci  are  not  constantly  to  be 
found  in  the  throats  of  individuals  suffering  with  measles,  and  it  would  appear 
that  the  occurrence  of  the  measles  and  the  streptococcus  infection?  at  the  same 
time  was  simply  chance. 


LABORATORY  METHODS 


THE  SPINAL  FLUID  IN  EPILEPSY:  A  PRELIMINARY  REPORT* 


By  John  H.  Lakkix,  j\I.D.,  axd  Leox  H.  Cornwall,  ALD., 
New  York  City 

THE  bloods  and  spinal  fluids  of  146  cases  of  q^ilepsy  were  submitted  to 
routine  examinations,  consisting  of  the  W'assermann  reaction  upon  each 
and  on  the  spinal  fluids  pressure  estimations,  cell  counts,  globulin  and  colloidal 
gold  reactions. 

In  the  bloods  the  \\  assermann  reaction  was  positive  twelve  times  (9  per 
cent).  Post  hoc  propter  hoc  an  etiologic  relationship  between  syphilis  and 
the  epilepsy  might  be  presumed  to  exist  in  those  cases.  No  such  conclusion, 
however,  will  be  ventured  until  the  associated  clinical  analyses  have  been  com- 
pleted, but  the  incomplete  clinical  investigation,  which  includes  a  search  for 
the  evidences  of  stigmata  of  congenital  lues,  indicates  to  us  that  there  is  a 
causal  relation  between  the  two  diseases  in  a  much  higher  percentage  of  cases, 

Dififuse  neurosyphilis  was  present  twice  and  general  paresis  once.  The 
Wassermann  was  positive  in  the  spinal  fluid  in  one  case  of  neurosyphilis  and 
in  the  case  of  paresis,  but  in  none  of  the  other  fluids. 

Pressure  estimations  were  made  fifty-nine  times,  of  which  nine  were  di- 
minished (15  per  cent),  18  were  increased  (31  per  cent),  and  32  were  normal 
(54  per  cent).  The  blood  \\'assermann  was  positive  in  one  of  the  nine  cases 
with  diminished  fluid  pressures,  and  in  two  of  the  18  cases  with  increased  fluid 
pressure. 

Among  143  fluids  on  which  cell  counts  were  made,  a  pleocytosis  was  pres- 
ent but  once,  in  a  fluid  from  one  of  the  cases  of  diffuse  neurosyphilis.  Six 
cells  were  present  in  two  and  four  cells  in  five  fluids.  Twenty-six  fluids  were 
acellular  and  the  remainder  contained  from  one  to  three  cells  per  cm. 

The  globulin  content  was  tested  in  137  fluids.  There  was  a  definite  in- 
crease in  7  (5  per  cent)  and  a  slight  excess  in  22  (14  per  cent  I  with  the  Ross- 
Jones  modification  of  the  Nonne  Phase  I  reaction.  Two  of  the  fluids  with  a 
slight  excess  of  globulin  came  from  positive  blood  \\'assermann  cases,  but 
none  of  the  fluids  with  definite  globulin  increase  came  from  cases  with  positive 
blood  W  assermanns. 

Of  all  the  spinal  fluid  reactions  only  the  Lange  colloidal  gold  test  showed 
any  considerable  deviation  from  the  normal.  This  test  was  applied  114  times. 
Fifty-three  (46  per  cent)  were  within  normal  limits.  Fifty-two  (46  per  cent) 
gave  low  curves  to  2.  Eight  (7  per  cent)  gave  moderately  high  curves  to  3. 
The  one  paretiq  fluid  gave  the  usual  Type  I  or  paretic  curve.  All  but  two  of 
the   fluids    from   positive   serum   \\'asscrmann    cases   gave   reactions    within    the 

'From    tlie    I'allio!ciRic    Laljoratories    of    tlie    New    ^"ork    City    llnsiiital. 
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normal  limits.  In  llir  two  cxccplions  the-  cui\cs  only  went  to  the  shades  of 
(k'colorization   rcprescnlecl  l>y   the  number  2. 

W  ilh  our  present  crude  methods  of  studyinj^'  the  chemistry  of  the  spinal 
lluid  there  appear  to  he  certain  ^iniilaritio  in  the  effect  produced  hy  this  secre- 
tion on  solutions  of  colloidal  jj^old  in  epilepsy,  nephritis  and  vascular  lesions  of 
the  neurospinal  axis;  in  diffuse  neurosyphilis  and  antericM"  [joliomyelitis,  anrj  in 
paresis,  inultipk'  sclero>i.s,  lateral   sclerosi>,  brain   tumor  and  eclampsia. 

Ts  epilepsy  due  to  some  chemical  chanj.;e  in  the  blood  increasing  its  toxicity 
and  thereby  inducing  the  characteristic  explosive  motor  phenomena  after  the 
threshold  of  tolerance  is  exceeded?  Or  are  the  objective  phenomena  induced 
by  an  increased  toxicity  of  the  spinal  fluid  caused  by  an  altered  physiology  of 
the  cells  of  the  chorioid  plexus,  meninges  or  neural  parenchyma? 

Tlu'sc  (|uestions  remain  to  be  answered.  Chemical  studies  of  the  blood 
and  spinal  fluid  in  cpilei)sy  offer  a  fruitful  field   for  further  investigation. 

Colloidal  chemistry  may  furnish  a  ke\-  to  the  explanation  of  some  of  these 
questions. 

METHOD  FOR  OBTAINING  MOUSE  BLOOD* 


Bv  HoLLAXD  X.  vStevenson,  M.D.,  Xew  York  City 


THE  usual  method  of  obtaining  mouse  blood  for  tissue  culture  has  been  to 
take  it  from  the  carotid  artery.  In  such  a  small  animal  this  is  a  rather 
dit^cult  technical  procedure,  and  introduces  not  only  a  large  time  factor  but 
also  a  strong  possibility  of  contaminating  the  blood  with  tissue  juices.  These 
ditftculties  have  greatly  reduced  the  possibility  of  in  vitro  work  with  mouse  tis- 
sues on  any  very  large  scale. 

In  searching  for  a  method  of  obtaining  mouse  blood  which  would  obviate 
these  difficulties,  it  was  found  that  the  intracardiac  method  of  obtaining  blood 
which  has  been  applied  to  larger  animals  could  be  applied  to  mice  with  a  large 
measure  of  success.  The  object  of  this  paper  is  to  present  this  application  of 
the  method  as  it  has  been  developed  at  the  laboratory  of  the  Crocker  Fund, 
where  it  has  proved  its  value  during  an  extensive  study  of  the  growth  of  mouse 
tissue  in  homologous  plasma. 

SyriiKjc. — The  type  of  syringe  employed  was  the  2  c.c.  Luer.  graduated  in 
0.1  c.c.  The  needles  were  number  22.  1^-^  inches  long.  It  was  necessary  to 
have  a  needle  with  a  sharp  point,  in  order  that  the  operation  be  successful. 
Two  of  these  needles  were  wrapped  in  cloth  with  the  .syringe  and  sterilized 
by  steam.  A  number  of  these  packages  were  always  kept  in  the  ice  box  ready 
for  use. 

Animol. — The  hair  was  removed  from  the  anterior  portion  of  the  thorax. 
The  mouse  was  etherized  and  tied  out  on  the  animal  board.  Great  care  was 
taken  that  the  forelegs  were  rather  tightly  stretched  and  arranged  at  an  angle 
of  about  60°  with  the  longitudinal  axis  of  the  body.  The  skin  was  then  thor- 
oughly washed  with  95  per  cent  alcohol. 


"From   Columbia   University,   George   Crocker    Special    Kesearch    Fund,    F.    C.    Wood,    Director. 
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The  syringe  aiul  neetlle  were  thorous^dily  rinsed  with  ice-cold  oHve  oil  to 
prevent  clotting.  The  point  of  inserting  the  needle  varied  slightly  with  the  size 
and  position  of  the  animal ;  usually  it  was  in  the  third  or  fourth  right  intercostal 
space  at  a  point  somewhere  between  the  right  border  of  the  sternum  and  the 
mammary  line.  The  direction  .in  which  the  needle  was  pointed  was  often  deter- 
mined by  the  visible  pulsation  of  the  heart.  This  usually  became  quite  ap- 
parent when  the  needle  was  pressed  gently  ui)on  the  thorax  producing  a  slight 
depression.  Often  after  the  needle  had  been  inserted  and  had  come  in  contact 
with  the  heart,  one  could  feel  its  pulsations  provided  the  syringe  was  not  held  too 
tightly. 

After  the  needle  had  been  inserted  to  a  distance  which  should  bring  it  into 
the  heart,  a  moderate  suction  was  created  in  the  syringe.  In  a  large  percentage 
of  instances  the  blood  immediately  flowed  into  the  syringe.  If  this  did  not 
occur,  the  suction  was  maintained  and  the  needle  very  slowly  advanced  and  if 
blood  was  then  not  obtained,  the  needle  was  very  slowly  withdrawn.  If  the 
blood  still  did  not  flow,  the  needle  was  withdrawn  practically  to  the  surface  and 
its  direction  changed  until  the  desired  result  was  obtained. 

After  the  blood  began  to  flow,  it  was  essential  to  hold  the  syringe  absolutely 
still,  for  the  slightest  movement  dislodged  the  point  and  the  operation  was 
unsuccessful. 

The  amount  of  blood  obtained  from  one  mouse  was  from  0.5  to  1.25  c.c. 
The  usual  amount  was  0.75  c.c.  The  mice  did  not  ahvays  die  from  the  opera- 
tion and  many  were  bled  twice,  some  even  three  times.  The  blood  obtained  in 
this  way  yielded  plasma  which  would  often  remain  without  clotting  for  two 
and  one-half  hours. 


MODIFICATION  OF  GRAM'S  STAIN  FOR  POSITIVE  BACTERIA* 


By  Joseph  Leidy  (Philadelphia),  Captaix,  M.  C,  U.  S.  A. 


IN  the  course  of  some  experiments  in  staining  bacteria  according  to  Gram's 
method  it  was  found  that  any  of  the  metallic  iodides  soluble  in  water  may  be 
substituted  for  the  potassium  iodide  in  Gram's  Iodine  solution.  With  the 
iodides  of  magnesium,  soda,  arsenic,  aluminum,  zinc,  iron,  both  ferrous  and 
ferric,  an  equally  satisfactory  result  was  obtained  as  with  potassium.  The  iodine 
dissolves  more  slowly  with  ferric  iodide  and  arsenious  iodide  than  with  the 
others,  which,  however,  is  not  objectionable. 

In  the  case  of  the  ferrous  iodide  and  arsenic  iodide,  we  thought  the  stain 
was  rendered  a  deeper  hue.  This  after  many  trials.  As  with  most  microscopic 
technic,  care  should  be  exercised  to  follow  all  details. 

At  the  present  time,  when  the  cost  of  the  potassium  salts  is  to  be  con- 
sidered, the  cheapness  of  some  of  the  others,  such  as  arsenic  and  ferrous  iodide, 
is  worthy  of  consideration  when  large  quantities  may  be  necessary  for  labora- 
tory use  in  class  demonstration.     The  modification  is  not  without  value. 


•From    the    Chemical    Warfare    Service,    Brady    Laboratory,    New    Haven,    Conn. 
Authority    to    publish    granted    by    the    Surgeon  General's    Office. 
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A  SIMIM.I-:  SIIAKIXC;  A I 'I 'A  K  AIDS 

I'.v  A.  i<.  Garbat,  M.D.  (Nkw  York  City; 
Captain.  M.C,  l'.  S.  Army;  Cliicf  of  Laboratory,  General  Hospital  No.  12,  Biltmorc,  X.  C. 

THI{  only  csscnlial  is  a  pump,  llif  piston  of  which  works  in  a  to  and  fro 
iiioveniciit.  At  our  institution,  the  vacuum  i)ump  for  the  radiator  system 
was  found  suitahle.  As  is  seen  in  the  photoj,M-aph,  the  apparatus  consists  of 
two  parts,  (A)  a  cradle  made  of  rnetalHc  slieel  iron  which  is  tightly  fastened 
to  the  side  ami  of  the  piston,  and  (Bj  the  container  which  consists  of  a  cylin- 
drical block  of  wood  hollowed  out  in  the  center  and  split  in  half,  into  which 
the  bottle  for  shaking  is  placed. 

The  containers  provided  by  the  Arnn-  Medical  vScIkjoI  for  the  shipment  of 
l)acteriologic  material  also  serve  this  purpose  well.  The  container  is  strapped 
tightly  to  the  cradle.  The  to  and  fro  action  of  the  ])iston  provides  an  efficient 
motion  for  shaking. 


DRAWING  FOR  AUTOPSY  TABLE  CONSTRUCTED  BY  ENLISTED 
MEN  FROM  "LEFT  OVER"  LUMBER* 


Reported  hv  AL\jor  Fked  W.  Baeslack,  ALC,  U.  S.  A.t 


I  HAVE  thought  that  it  might  be  worth  while  to  make  available  for  the  medical 
profession  the  acconipan\ing  drawing  for  an  autopsy  table  constructed  by 
members  of  the  enlisted  personnel  from  "left-over"  lumber. 


*PubIished  by   permission  of  ttie   Surgeon   General. 

tFrom  V.  S.  Debarlvation  Hospital  Xo.   2,   Staten   Island.  N.   Y. 
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The  12"xl2"  sink,  the  drain  connection  and  niclal  sheeting,  costing  from 
twelve  to  tifteen  dollars,  constitutes  the  entire  cash  outlay  for  its  construction. 

Tiie  water  is  supplied,  hoth  cold  and  hot,  from  connections  above  the  table, 
through  six  feet  of  rubber  garden  hose. 
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The  a(l\  ;mtai,^cs  of  this  table  arc: 
(a)     TIk'    sanitary    construction. 

(1))    The  sink  near  the  foot  of  the  talde  jjermits  the  washing  of  organs  re- 
moved at  autc)i)sy,  and  obviates  working  with  soiled  hands  and  instruments. 
The  accompanying  (h%a\\ings  will  need  no   further  explanation. 
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Fig.  3. 


A  SIMPLE   AUTOMATIC   KEY  FOR  USE  IN  THE  STUDENT 
PHYSIOLOGIC  LABORATORY* 


By   S.   Morgums,  Ph.D.,  Omaha,  Neb. 

IT  is  often  (Ic.sirahle  in  experiments  i)erf()rnK'd  by  students  in  the  physiologic 
laboraton'  to  employ  a  key  tliat  would  ])ermit  to  make  or  break  the  electrical 
circuit  automatically  and  at  exactly  the  same  point.  By  superimposing  a 
series  of  curves  the  efifect  of  various  factors  is  best  illustrated  since  the  details 
of  the  difiercnt  cur\es  are  thus  readily  compared.  In  this  laboratory  we  have 
used  an  arrangement  which  for  extreme  simplicity  and  cheapness  is  most  suit- 
able for  student  w^ork.  Furthermore,  it  has  the  advantage  that  each  student 
can  make  thiis  himself.  \\>  used  this  method  for  the  past  three  years  with 
considerable  success,  and  in  publishing  tiiis  suggestion  we  are  prompted  by  a 
feeling  that  others  may  perhaps  also  find  it  useful. 

The  key  consists  merely  of  a  piece  of  stout  copper  wire  (No.  18)  wound 
about  the  screw   of  a  Harvard  kymograph  by   which  the   sleeve  of  the   drum 

bears  on  the  steel  shaft.  It  is  fastened  in  posi- 
tion by  the  set  screw\  A  metal  rod  (also  made 
by  the  Harvard  Apparatus  Company)  is  clamped 
in  the  stand  bearing  the  signal  magnet  as  well 
as  the  muscle  holder  and  lever.  The  rod  should 
be  directly  above  the  kymograph  and  should  ex- 
tend an  inch  or  two  beyond  the  circumference 
of  the  drum.  As  the  drum  moves,  the  circuit  is 
closed  and  opened  each  time  the  copper  wire 
glides  over  the  rod.  A  series  of  muscular  con- 
tractions may  be  recorded  in  succession,  the  con- 
tractions all  rising  from  the  same  point  on  the  surface  of  the  kymograph. 

The  copper  wire  can  be  made  with  two  arms,  and  in  this  way  a  double 
record  will  be  secured  for  each  revolution  of  the  drum;  but  three  or  four 
similar  records  can  be  prepared  just  as  easily.  As  our  students  work  in  groups 
of  two,  a  piece  of  wire  bent  in  the  shape  of  a  semicircle — 'twisted  in  the  middle 
to  form  an  eye — is  fastened  under  the  set  screw,  and  all  records  are  thus  made 
in  duplicate. 

The  method  is  so  simple  that  our  students  with  a  short  experience  in  the 
physiologic  laboratory  get  excellent  results.  I  am  reproducing  records  recently 
obtained  by  the  students,  one  showing  the  effect  of  temperature,  the  other  of 
fatigue,  on  muscular  contraction  (see  Figs.  2  and  3). 

Of  course,  the  wire  must  be  so  adjusted  that,  as  it  goes  rt)und  with  the 
drum,  its  free  ends  just  barely  touch  the  rod.  This  is  very  easily  accom- 
plished, securing  perfect  contact  without  undue  friction  which  would  otherwise 
interfere  with  the  free  movement  of  the  kymograph.  Although  this  key  both 
makes  and  breaks  the   circuit,   in  practice  these   follow   each   other  with   such 


~^-..^,.. 

/ 

ji.j 

/  ^ 

M;^~.A 

p- 

■^     / 

'   1    (>- 

\ 

B 

©<£" 

Fig.   1. 


*From    the    Department    of    niochciiiistry     and     I'hysiology,     Medical     CuUeRe,     Creislitoii     I'liiversity. 
Omaha,  Neb. 
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rapidily  thai  diiIv  a  siiij^dc  ics|)(msc  of  the  muscle  results.  To  complete  the 
l)riniary  cirruit,  (nir  lead  I'ldiii  tlic  liatteries  is  attached  to  the  rod,  while  the 
other  Irad  is  taslciu'd  to  tin-  iiiillcil  head  on  the  kvnifij^Tai))!  hase  which  regu- 
lated   the    last    speed.      .\    signal    iiia.i,'net   is   generally    included    in    the   primary 
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circuit.  While  this  method  is  susceptible  of  further  in-iprovement.  the  high 
degree  of  satisfactoriness  of  the  results  does  not  seem  to  justify  the  introduc- 
tion of  other  modifications  in  view  of  the  expense  which  would  be  involved. 


A  TYPE  OF  SIMPLE  KEY  FOR  LABORATORY  USE* 


By  John-  A.  Higgin'S,  Chicago,  III. 

AN  important  factor  in  the  physiologic  and  pharmacologic  laboratories  is 
the  use  of  some  type  of  a  simple  electric  key.  There  are  a  great  number 
of  simple  keys  already  on  the  market,  but  the  majority  of  these  keys  seem  to 
receive  more  or  less  criticism  regarding  their  laboratory  value.  The  spring 
type  of  a  simple  key,  a  type  which  is  best  illustrated  by  Jackson,t  is  quite  often 
criticized  where  a  continuous  electric  stimulus  is  desired.  The  inability  of  such 
type  of  keys  to  remain  closed  during  continuous  stimulus,  without  constant 
pressure  on  the  spring  in  order  to  make  contact,  seems  to  be  the  main  drawback. 
When  interrupted  stimulus  is  desired,  the  knife  switch  type  of  simple  electric 
keys  quite  often  meets  with  disapproval  because  of  their  inability  to  break 
contact  in  as  simple  a  way  as  can  be  had  with  a  spring  type  of  key. 

Where  these  various  types  of  simple  electric  keys  have  met  with  disfavor, 


Fig.    1. 

it  is  not  uncommon  to  see  the  laboratory  worker  resort  to  the  more  expensive 
telegraph  type  of  key.  The  telegraph  type  of  key  is  generally  so  constructed 
that  for  continuous  stimulus  the  key  can  be  closed,  without  further  attention, 
for  any  definite  period  of  time,  whereas  for  interrupted  stimulus  the  key  can 
be  so  adjusted  as  to  give  interruptions  as  often  as  desired  by  simple  pressure  on 
a  knob  and  for  each  interrupted  stimulus. 

The  cost  of  the  telegraph  key,  however,  retards  its  greater  use  and  especially 
so  in  the  student  laboratories.  I  have  therefore  devised  a  key  which  is  inex- 
pensive, yet  effective,  and  can  be  used  to  advantage  among  students  as  well 
as  research  workers.     It   (Fig.   1)   is  constructed  by  mounting  on  some  suitable 

*From   the    Department    of    Physiology.    University    of    Illinois    School    of    Medicine,    Chicago,    111. 
tjackson,    D.    E.:      Experimental    Pharmacology,    C.    \'.    Mosby    Co.,    p.    145. 
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l>asc\  .'111(1  ((Miiicrtini^  in  |.;ii  allcl,  a  siiij^He  knife-  switch  key  together  with  an  clec- 
Irir  door  lidl  |m^li  Imtioii,  i wo  hiiuhnf^  ])osts  heinj^  used  as  terminals. 

W  hilt-  thr  iiiaU'iial  ii-cd  in  thi-  construction  of  this  key  has  cost  me  ap- 
proxiniali'lv  thirty-one  cents,  wliich  is  witliin  the  cost  of  the  average  laboratory 
simple  key,  yet  1  have  a  key  which  is  just  as  effective  in  the  laboratory  as  the 
more  expensive  type  of  telegraph  key.  A  continuous  stimulus  while  in  circuit 
willi  an  inductorinm  and  electric  cell,  can  be  had  by  closing  the  single  knife 
switch  lever  at  .  /.  The  interrui>ted  stimulus  can  also  be  received,  with  the  use 
of  the  same  kew  b\-  opening  the  single  knife  switch  lever  and  making  interrup- 
tions  with   the  aid  of  the  door  bell   j)Ush   button. 


A  TYPE  OF  STIMULATING  ELECTRODE^ 


llv  John  A.  Higgins,  Chicago,  III. 


A  LARGE  assortment  of  stimulating  electrodes  for  use  among  the  medical 
students,  as  well  as  for  use  among  the  laboratory  research  workers,  are 
illustrated  as  a  rule  in  the  different  physiologic  text  books  and  laborator\-  man- 
uals. Sanderson.^  Stirling,'-  Porter,''  Howell,*  Jackson,''  etc.,  illustrate  one  or 
more  of  this  large  assortment  of  available  types  of  electrodes. 

A  great  majority  of  the  stimulating  electrodes  generally  terminate  with 
projecting  platinum  points  soldered  to  insulated  copper  wire.  While  the  plat- 
inum has  a  higher  resistance  than  copper  towards  electric  energy  still  the  plati- 
num points  are  here  added  owing  to  its  resistance  against  corrosion,  therefore 
insuring  a  more  perfect  stimulus.  Jackson,"'  however,  has  substituted  German 
silver  in  place  of  the  platinum  points  without  any  noted  disadvantage. 


While  students  or  other  laboratory  workers  may  have  success  in  the  han- 
dling of  electrodes,  still  it  is  not  uncommon  to  see  platinum  points  broken  ot¥ 
at  the  soldered  connection.  When  the  platinum  points  break  off  it  necessitates 
more  or  less  skill  and  time  in  resoldering  the  points  into  place  for  future  service. 

Endeavoring  to  o\ercomc  any  disadvantages,  as  may  occur  in  the  older 
types  of  stimulating  electrodes,  I  have  accordingly  designed  a  new  type  (Fig. 
1 ) .  The  advantages  offered  in  this  new  type  are  first  the  elimination  of  platinum 
points,   substituting  other  inexpensive  metals  and   yet  insuring  a  good  electric 

*From   the    Department   of    Pliysiology,    University    of    Illinois    School   of    Medicine,    Chicago,    111. 
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contact  on  a  nerve  or  other  body  tissue;  second,  the  advanlat^e  of  l)rin,e:ing  into 
laboratory  services  discarded  steel  phonograph  needles,  which,  no  doubt,  are 
plenliful  and  can  be  of  serxice  until  corrosion  sets  in;  lastly,  such  changes  as  are 
deemed  advisable  can  be  easily  and  quickly  made  by  a  student  or  research 
worker  before  or  during  an  experiment  and  without  the  skill  of  resoldering 
connections. 

The  stimulating  electrode  as  illustrated  is  constructed  from  a  piece  of 
round,  hard  rubber  rod  (A)  }i  inch  thick  by  3  inches  long.  On  each  end  at  D 
was  cut  away  approximately  ^i,;  of  an  inch  and  threads  numbering  32  to  the 
inch  were  then  cut  upon  the  remaining  ends.  Two  holes,  using  a  %2  inch  drill, 
w^erc  drilled  from  end  to  end  in  the  hard  rubber  rod,  allowing  approximately 
%4  of  an  inch  between  each  drilled  hole.  Two  pieces  of  %2  by  3^-inch  brass 
tubing  (C)  were  inserted  into  the  drilled  holes  of  the  rubber  rod.  On  each 
end  of  these  brass  tubes  holes  were  drilled  and  threaded  to  accommodate  2/56 
or  smaller  size  screws.  Caps  were  then  made  for  each  end  of  the  rubber  rod. 
The  cap  on  the  end  which  was  designed  to  hold  the  projecting  stimulating  points 
(D)  need  only  be  long  enough  to  act  as  a  shield  for  the  screw  connections  (C). 
Both  ends  of  this  cap  should  be  fully  opened.  The  cap  towards  the  end  of  the 
rod,  and  to  which  are  fastened  the  wires  from  the  inductorium,  is  somewhat 
longer  (E),  but  at  one  end  the  opening  is  only  large  enough  to  permit  the  posi- 
tive and  negative  insulated  wires  to  pass  through  snugly.  These  caps  were 
made  of  hard  rubber  but  it  might  be  much  easier  to  substitute  metal  caps,  care 
being  taken  to  avoid  the  metal  caps  coming  into  contact  with  the  screw  heads, 
etc.,  on  the  ends  of  the  brass  tubes. 

In  connecting  up  the  electrode,  pass  the  wires  from  the  inductorium  through 
cap  E  at  point  F  and  fasten  to  the  ends  of  the  brass  tubes  at  G.  Screw  the 
cap  onto  the  end  of  the  rubber  rod  after  making  contact  connections.  On  the 
ends  of  the  brass  tubes  at  C  fasten  in  uncorroded  steel  phonograph  needles  or 
some  similar  inexpensive  metal  and  cover  up  the  contact  connections  with 
cap  (D).  The  electrode  is  now  ready  for  stimulations.  If  corrosion  sets  in 
on  the  projecting  points  from  day  to  day,  it  w-ill  be  found  an  easy  procedure  to 
remove  cap  D,  replace  the  projecting  points,  and  rescrew  cap  D  into  place. 
Hard  rubber  material  for  such  electrodes  can  be  supplied  by  the  American 
Hard  Rubber  Co.,  337  West  Madison  Street,  Chicago,  111. 
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Rv  TldWAKi)  D.   ITaskins,  M.D.,   Portlanij,  Okkoon 


HK\1)I-!1\S<  >.\'S'  niclliod  ha-  made  il  fcasihlc  for  any  careful  worker  to  esti- 
mate the  true  acidity  of  the  urine.  This  method  has  been  indispensable  to  the 
successful  accomplishment  of  several  impr)rtant  researches. 

There  is.  however,  a  difficulty  which  has  undoubtedly  deterred  many  from 
using  the  method,  namely,  tlial  the  standards  for  comparison  must  be  freshly  pre- 
pared each  day  tliat  estimations  are  made.  After  having  had  this  problem  in 
mind  for  several  years,  I  have  succeeded  in  preparing  artificial  standards  that  re- 
tain their  proper  color  value  for  many  months,  and  that  are  easily  made  up  anew. 

With  the  modifications  proposed  in  this  paper  the  method  can  easily  be  used 
by  anv  clinician,  and  furthermore,  with  very  little  expenditure  of  time. 

The  excretion  oi  strongl\-  acid  urine  persistently  da\-  after  day  and  at  all  times 
of  day  is  undoubtedly  often  of  clinical  significance.  It  may  furnish  a  clue  to  the 
existence  of  acidosis  or  a  cardiorenal  difficulty,  or  of  some  other  condition  well 
worth  investigation.  We  are  strongly  of  the  opinion  that  not  nearly  enough  use 
has  been  made  clinically  of  the  method.  The  estimation  might  well  be  made  part 
of  the  regular  urine  examination  when  a  case  first  comes  under  observation.  Fur- 
thermore, it  is  indispensable  in  connection  with  the  alkali  retention-  test  for 
acidosis.  In  carrying  out  this  valuable  test  litmus  paper  should  not  be  depended 
on  to  determine  when  the  urine  has  become  alkalipe.  The  bicarbonate  should  be 
administered  at  regular  intervals  until  the  urine  comes  to  a  definite  H-ion  con- 
centration (e.g..  Ph  7.4).  following  the  example  of  Palmer  and  Van  Slyke.^ 

MODIFICATIONS    OF    IIEXDKRSOX'S    METHOD 

1.  Indicators. — We  have  realized  for  a  long  time  that  it  is  desirable  to  use 
only  indicators  that  give  a  good  gradation  of  red  colors.  Therefore  the  use  of 
paranitrophenol  was  discontinued.  Sodium  alizarin  sulphonate.  recommended  by 
Palmer  and  Henderson*  did  not  seem  at  all  satisfactory  for  our  purpose.  Rosolic 
acid  was  adopted  for  the  range  of  acidities  formerly  determined  with  paranitro- 
phenol. 

By  using  methyl  red.  neutral  red  and  rosolic  acid  as  indicators,  gradations 
from  red  to  yellow  throughout  the  entire  series  of  the  Ph  standards  are  secured. 
One  who  is  not  at  all  expert  can  easily  detect  the  difference  in  color  of  neighbor- 
ing standards  at  every  point  in  the  series.  With  these  colors  it  is  easy  to  make 
the  estimation  by  artificial  light  preferably  using  the  new  daylight  lamp  (Peer- 
less Mazda  C2 ) . 

2.  Acidity  Standards. — For  some  years  we  have  preferred  to  use  Sorensen's 
phosphate  mixtures  for  all  of  the  standards  (and  in  the  proportions  recom- 
mended by  Sorensen)  instead  of  the  mixtures  suggested  by  Henderson.  They 
are  much  more  convenient,  and  probably  more  reliable. 


*From    the    Department    of    T'.iochemistry,    Medical    School,    University    of    Oregon. 
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3.  I'sc  of  Bottles.—  ]n  c;irr}inj^  out  ITcnderson's  niethod  \vc  soon  found 
that  making-  colorinietric  (.-oniparison  of  solutions  in  flasks  was  unsatisfactory, 
so  that  we  adopted  tlie  use  of  I'rcnch  sciuarc  l)()ttles,  tlie  widc-niouth  two-ounce 
cok^rless  bottle  being  our  final   choice. 

4.  Quantities  I'sed. — W  c  ha\c  reduced  the  anioinil  of  distilled  water  used 
in  an  estimation  to  20  c.c.  and  the  amount  of  urine  to  1  c.c.  or  less.  Exactly 
1  c.c.  of  indicator  is  taken  in  e\ery  case.  The  water  is  measured  fjuickly  with 
a  graduate. 

5.  Distilled  Water. — For  research  accuracy  we  fountl  it  necessary  to  use 
boiled  distilled  water.  For  rapid  cooling  of  the  water  large  heavy-walled  pyrex 
test  tubes  are  used.  The  water  is  poured  into  the  tube  boiling  hot,  a  rubber 
stopper  is  inserted  and  while  i)ressing  this  down  the  air  is  allowed  to  escape 
by  prying"  one  side  of  the  sto])per  with  a  knife  blade.  The  tube  can  be  put 
into  the  coldest  tap  water  at  once,  and  the  cooling  takes  but  a  few  minutes. 
For  ordinary  routine  work  unboiled  water  can  be  used,  but  it  should  be  put 
into  a  pyrex  or  nonsol  tiask  when  freshly  distilled,  and  the  flask  must  be  kept 
sealed  with  a  rubber  stopper  eoiistantly  except  when  water  is  being  poured 
out.     Distilled  water  kept  in  a  bottle  dissolves  alkali  from  the  glass. 

Do  not  allow  expired  air  to  get  into  the  flask.  Excess  of  carbon  dioxide 
in  the  water  can  change  the  estimation  noticeably  in  the  case  of  urines  that 
are  alkaline  or  ver}-  slightly  acid. 

6.  Permanent  Stajidards. — 'The  artificial  standards  prepared  by  us  to 
imitate  the  colors  given  by  the  Sorensen  phosphate  mixtures  after  the  addition 
of  the  indicators,  are  made  by  adding  amaranth  and  paranitrophenol  in  va- 
rious proportions  to  a  bufl'er  mixture  which  contains  KH^PO^  and  K.HPO4, 
each  being  in  one-tenth   molar  concentration. 

The  buft'er  solution  (Ph  6.8)  prevents  the  trace  of  alkali  which  gradually 
dissolves  out  of  the  glass  of  the  bottles  from  changing  the  color'  of  the  stand- 
ards. This  solution  gives  a  decided  yellow  collor  when  paranitrophenol  is 
added,  the  intensity  of  the  color  depending  on  the  amount  of  paranitrophenol 
used.  xA.maranth  imparts  a  brilliant  red  color,  and  is  not  aft'ected  by  the 
phosphate. 

The  amaranth  and  paranitro])henol  solutions  should  be  kept  in  pyrex  or 
nonsol  flasks.  They  do  not  fade  when  exposed  to  diffused  light  of  moderate 
intensity. 

The  permanent  standards  do  not  change  appreciably  if  properly  cared  for. 
They  should  never  be  left  standing  in  direct  sunlight,  and  should  be  kept  in 
a  box  or  cupboard  when  not  in  use.  Even  after  nine  months  our  standards 
were  in  very  good  condition,  the  color  changes  being  so  slight  as  to  cause 
practically  no  error  in  estimation  of  the  Ph  of  a  urine. 

Each  standard  is  prepared  to  match  somewdiat  closel}'  the  color  given  by 
1  c.c.  of  a  Sorensen's  phosphate  mixture  diluted  with  20  c.c.  of  boiled  distilled 
water  after  the  addition  of  1  c.c.  of  indicator,  when  at  ordinary  room  tempera- 
ture (15'^  to  22°).  Absolute  matching  of  the  colors  is  not  at  all  necessary. 
The  use  of  rosolic  acid  with  urine  is  possible  only  with  the  aid  of  the  per- 
manent standards.  Sorensen  phosphate  standards  with  rosolic  acid  change 
color  too  rapidly   for  practical  use. 
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I'or  (lusc  lurmriiiciii  standartls  20  c.c.  of  llic  InifftT  phosphate  solution  is 
jiut  iiilo  (,;uli  111  tlic  l\\(t  ouiKx-  s(|uare  bottles  and  various  amounts  of  amaranth 
and  itaraiiitnipliciiol  arc  added  as  indieatcd  below,  and  a  little  preservative 
(0.2  c.c.  10  ficr  cent  lliyiiiol  in  clilon iform  )  is  aflded,  then  the  bottle  is  corkerl 
(but  not   with  a  rul)l.cr  stojipcr),  and  scaled  with  hot  pnrafhn. 
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PERMANENT    STAND.\RDS 

.s6ren.sen  standard.s 

Ph 

AMARANTH 
C.C. 

PARANITUO- 

PIIENOI. 

C.C. 

PUOPOHTIONS  IN    10  c.c. 
OF   MIXTCUE 

INDICATOR 

1/15   MOLAR 

KIIoPOj 

C.C. 

1/15  MOLAR 

NA2IIPO4 
c.c. 

4.5  (4.49) 
4.95  (4.94) 
5.3    (5.29) 

5.6  (5.59) 
5.9     (5.91) 

1.3 
1.0 

0.65 
0.45 
0.25 

0.2 

0.45 
0.75 
1.1 
1.0 

10.0 
9.9 
9.75 
9.5 
9.0 

0.0 
0.1 
•     0.25 
0.5 
1.0 

Methvl  Red 
Methvl  Red 
Methyl  Red 
Methvl  Red 
Methyl  Red 

5.9     (5.91) 
6.25  (6.24) 
6.45  (6.47) 
6.65  (6.64) 
6.8     (6.81) 
7.0     (6.98) 

0.55 

0.7 

0.9 

1.0 

1.15 

1.3 

1.0 

0.9 

0.85 

0.65 

0.3 

0.4 

9.0 
8.0 
7.0 
6.0 
5.0 
4.0 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 

Rosolic  Acid 
Rosolic  Acid 
Rosolic  Acid 
Rosolic  Acid 
Rosolic  Acid 
Rosolic  Acid 

7.0     (6.98) 
7.15  (7.17) 

7.4  (7.38) 

7.5  (7.48) 

0.6 
0.6 
0.43 
0.38 

0.45 
0.65 
0.6 
0.65 

4.0 
3.0 
2.0 
1.65 

6.0 
7.0 
8.0 
8.35 

N'eutral  Red 
Neutral  Red 
Neutral  Red 
Neutral  Red 

The  exact  Ph  figures  for  the  Sorensen  phosphate  mixtures  are  those  given 
in  the  parentheses.  The  approximate  figures  can  be  used  for  most  work,  since 
it  is  impossible  to  detect  differences  between  solutions  that  vary  by  less  than 
0.05  in  their  Ph  figures. 

The  concentrations  of  amaranth  and  indicator  solutions*   are  as   follows : 

Amaranth  (amaranth  No.  107,  secured  from  Eimer  and  Amend)  8  mg. 
dissolved  in  100  c.c.  of  distilled  water  to  which  is  added  0.5  c.c.  of  the  thymol- 
chloroform  preservative. 

Paranitrophenol,  (furnished  by  Eimer  and  Amend)  20  mg.  dissolved  in 
10  c.c.  of  alcohol  and  diluted  with  90  c.c.  of  distilled  water. 

Methyl  red  (Kahlbaum's)  very  finely  powdered,  2.4  mg.  dissolved  in  100 
c.c.  of  60  per  cent  alcohol. 

Rosolic  acid  (Merck's)  powdered,  16  mg.  dissolved  in  100  c.c.  of  95  per 
cent  alcohol. 


*Hynson,  Wo.sicott  and  Dunning,  Baltimore,  have  agreed  to  supply  a  partial  or  complete  equipment 
for  carrying  out  the  method  a.s  described  in  this  paper.  The  indicators  and  other  chemicals  will  be 
sitpplied  in  weighed  portions  ready  to  he  dissolved,  so  that  those  who  do  not  have  access  to  a  tine  balance 
will  not  be  prevented  from  using  the  method.  The  samples  of  indicators  purchased  from  certain  other 
dealers  were  found  by  the  author  to  be  worthless  or  weaker  in  indicator  value  than  Kahlbaum's,  Merck's 
and    Griibler's   preparations. 
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Neutral  red  (Griibler's  "zu  Injekl.  i.  vital.  Gew.  nach  Elirlich")  finely 
powdered,  3.2  mg.  dissolved  in  100  c.c.  of  50  per  cent  alcohol. 

For  these  solutions  the  concentrations  of  alcohol  need  not  be  exact. 

All  the  solutions  should  be  kept  in  pyrex  or  nonsol  flasks.  The  last  three 
indicator  solutions  must  be  piptected  from  the  lig'ht.  i)referably  by  ])aintinn^ 
the  flasks  black.  These  indicator  solutions  can  slill  be  used  satisfactorily 
when  two  months  old,  although  the  rosolic  acid  weakens  slightly  in  that  time. 
After  nine  months  all  the  solutions  had  changed  so  that  they  were  inferior  to 
freshly  prepared  solutions.  In  that  length  of  time  the  rosolic  acid  became  so 
much  weaker  that  it  rec|uired  the  use  of  1.3  c.c.  instead  of  1  c.c.  The  methyl 
red  and  neutral  red  did  not  fade  appreciably,  but  the  character  of  the  colors 
given  by  them  was  somewhat  diflerent  as  compared  with  the  colors  given  by 
fresh  solutions.     New  solutions  might  be  prepared  once  in  two  or  three  months. 

TECHNIC   OF  ESTIMATING  THE   Ph   OE   URIXE 

All  glassware  used,  (bottles,  pipettes,  flasks,  etc.)  must  be  thoroughly 
washed,  rinsed  with  distilled  water,  and  then  tested  with,  a  practically  neutral 
indicator  solution,  (e.  g.,  20  c.c.  distilled  water,  1  drop  of  the  buffer  phosphate 
solution  and  1  c.c.  of  rosolic  acid).  If  the  test  solution  becomes  less  red, 
contaminating  acid  is  present,  if  it  becomes  redder,  alkali  is  present ;  in  either 
case  wash  the  apparatus  and  test  again.  Rinse  out  the  traces  of  indicator  solu- 
tion with  distilled  water  and  proceed  with  the  estimation. 

First  make  a  preliminary  determination  as  follows :  to  20  c.c.  of  distilled 
water  in  a  two-ounce  square  bottle  add  1  c.c.  of  rosolic  acid  solution,  and  im- 
mediately add  the  urine  0.2  c.c.  at  a  time  comparing  with  the  rosolic  acid 
permanent  standards  after  each  addition  until  either  the  Ph  determination  re- 
mains constant  or  the  urinary  pigment  changes  the  character  of  the  color.  Never 
use  more  than  1  c.c.  of  urine.  In  the  case  of  highly  colored  concentrated  urine 
0.2  or  0.4  c.c.  will  suffice.  This  test  indicates  the  amount  to  use  in  the  final 
test,  i.  e.,  less  than  will  give  the  disturbing  pigment  efi:"ect  but  still  enough  to 
give  the  full  Ph  estimation. 

The  test  also  shows  which  indicator  must  be  used.  If  the  mixture  is  as 
yellow  as  the  5.9  rosolic  standard  or  more  yellowish,  use  methyl  red.  If  it 
is  as  red  as  the  7  rosolic  standard  or  of  a  deeper  red  color,  use  neutral  red. 
If  the  color  is  intermediate  between  that  of  the  5.9  and  7  standards,  use  rosolic 
acid. 

For  the  final  test  add  to  20  c.c.  of  distilled  water  the  amount  of  urine 
determinated  by  the  first  test,  and  last  of  all  1  c.c.  of  the  proper  indicator. 
Compare  with  the  standards  iinmcdiatcly  (because  contamination  w'ith  CO2 
occurs  so  easily,  and  in  the  case  of  rosolic  acid  the  color  fades  rapidly).  Avoid 
getting  expired  air  into  the  bottle. 

It  is  self-evident  that  one  must  be  careful  to  compare  the  urine  mixture 
only  with  those  standards  that  correspond  to  the  particular  indicator  used  (for 
instance,  after  using  rosolic  acid  for  the  urine  do  not  match  up  with  the  colors 
given  by  methyl  red  or  neutral  red).  It  is  advisable  to  have  each  standard 
bottle  labeled  with  the  indicator,  e.  g..  Methyl  R.  5.3,  Ros.  6.8,  Neutral  R. 
7.4;  thus  accidental  slips  will  be  avoided. 
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'I'lu-  1*11  li^urc  of  ilic  ]tcTm;iiK'nl  st.iiHlaiil  lli.'it  most  nearly  matches  in 
color  the  uiiiu'  (fsl  solution  is  rc|)orlc<l  ;is  the  I'm  of  the  urine.  One  may 
guess  I'll  reading--  iiiliTiiudiate  hetweeii  the  standarfis  aUhough  such  inter- 
polation is  an  uniuTcssar\-  rclineinent. 

W'c  iiave  found  tliat  the  most  accurate  and  most  rapid  estimations  are 
made  by  placing  the  standard  bottle  and  the  urine  bottle  for  comparisfjn  against 
a  background  of  dull  white  pai)er  with  the  light  (diffused  daylight  or  the 
special  electric  light  referred  to  abo\e  )   passing  over  the  shoulder. 

Very  little  time  is  required  for  making  estimations. 

RKMARKS    AND    KXPLAXATIONS 

1.  In  the  above  discussion  it  has  been  taken  for  granted  that  the  reader 
understands  what  is  meant  by  the  I'n.  J'^or  fear  that  some  may  not  recall  it, 
I  shall  explain  briefly.  The  Ph  figures  are  the  (negative)  logarithms  of  the 
true  hydrogen-ion  concentration.  For  example,  a  neutral  solution  is  a  0.0000001 
normal  solution  of  hydrogen  ions;  the  logarithm  of  this  decimal  fraction  is 
-7.0,  therefore,  the  Ph  is  7.0  (the  minus  sign  is  ignored).  The  smaller  the 
figure  the  greater  the  acidity. 

Urine  is  seldom  more  acid  than  4.5,  mn-  more  alkaline  than  7.5  (except 
when  sodium  bicarbonate,  citrate  or  similar  drugs  are  taken). 

2.  Toluol  is  to  be  added  to  the  urine  as  a  preservative  when  collecting  a 
24-hour  sample  or  when  the  urine  can  not  l^e  examined  within  an  hour  after 
being  passed.  The  urine  must  not  be  treated  in  any  other  way,  not  even 
filtered.     If  it  is  turbid  it  may  be  centrifuged. 

3.  Urines  containing  hemoglobin,  bile  or  great  excess  of  pigment  may  be 
dialyzed  in  a  collodion  sac  against  neutral  1  per  cent  NaCl  solution  for  thirty 
minutes,  as  in  Rowntree's*^  method  for  Ph  of  blood.  The  Ph  of  the  salt  solu- 
tion is  then  determined  in  the  same  manner  as  urine. 

4.  The  room  must  be  free  of  fumes  of  NH3,  HCl  or  HXO,  when  estima- 
tions are  made.     Excess  of  CO,   (from  flames)    should  be  avoided. 

5.  For  measuring  amaranth  and  paranitrophenol  solutions  and  also  the 
urine,  1  c.c.  pipettes  marked  in  0.01  c.c.  are  needed. 

6.  \\  hen  the  temi>erature  of  the  room  is  above  22°  an  error  may  be  made 
in  estimation  due  to  the  temperature  (the  permanent  standards  do  not  change 
perceptijjly),  for  instance,  if  the  urine  test  niixture  is  at  30^  the  Ph  figiire 
will  be  greater  (more  alkaline)  than  at  20°  by  about  0.05  (in  the  case  of  a 
distinctly  acid  urine)  up  to  even  0.20  (in  the  case  of  an  alkaline  urine).  This 
can  be  obviated  readily  by  cooling  the  distilled  water  to  about  15°  before  using 
it. 

7.  The  presence  of  protein  in  the  urine  does  not  interfere  with  the  use  of 
any  of  the  indicators. 

8.  The  phosphates  for  preparation  of  the  buffer  solution  must  be  pure.  I 
used  Baker's  C.  P.  KHoPO^  and  Merck's  pure  K^HPO^.  The  buft'er  solution 
must  have  a  Ph  of  6.8  when  estimated  by  the  same  dilution  method  as  in  the 
case  of  urine. 

Dissolve  each  phosphate  separately  in  about  200  c.c.  of  distilled  water 
taking  6.808  gin.  of  powdered  KH0PO4  '^"^  8.712  gm.  of  powdered  K.HPO^. 
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Mix  the  solutions  and  dilute  to  exactly  500  c.c. ;  saturate  with  chloroform  and 
filter.     Keep  the  solution  in  a  pyrex  or  nonsol  flask,  tightly  corked. 

9.  A  slight  precipitate  may  appear  after  a  time  in  the  permanent  stand- 
ards, but  this  need  not  interfere  with  their  use  if  they  are  not  shaken  u\). 

10.  Test  the  indicator  solution  at  least  once  a  month  by  making  Ph  estima- 
tions with  Sorensen's  phosphate  mixtures  (1  c.c.  diluted  as  in  estimating  urine), 
using  for  methyl  red  the  Ph  5.3  mixture  and  for  neutral  red  the  Ph  7.15  mix- 
ture. For  rosolic  acid  the  buffer  phosphate  mixture  can  be  used  (Ph  6.8). 
This  procedure  also  assures  one  that  the  permanent  standards  have  not  changed 
enough  to  cause  inaccurate  Ph  estimations. 

11.  The  distilled  water  may  be  tested  at  any  time  by  adding  to  20  c.c.  two 
drops  of  the  buffer  phosphate  solution  and'  1  c.c.  of  rosolic  acid,  the  color  must 
be  redder  than  the  6.65  standard  but  not  redder  than  the  6.8  standard.  The 
distilled  water  should  not  be  too  old. 

SUGGESTION  OF  A   NEW   WAY  OP  EXPRESSING  ACIDITY  OF  THE   URINE   FOR   CEINICAL 

PURPOSES 

Many  persons  do  not  readily  grasp  the  idea  of  the  Ph  notation  and  quickly 
forget  the  explanation.  It  is  also  confusing  to  many  that  the  Ph  figure  should 
become  smaller  as  the  acidity  increases. 

In  devising  a  new  notation  advantage  may  be  taken  of  the  proportion  of 
acid  phosphate  (KH0PO4)  in  the  Sorensen  standards.  For  instance,  a  phos- 
phate standard  having  a  Ph  of  6.8  is  a  50:50  mixture  of  the  two  phosphate 
solutions,  and  contains  an  equal  number  of  molecules  of  each  phosphate  in 
1  c.c.  of  solution.  Its  acidity  may  therefore,  be  called  50  (not  50  per  cent). 
The  Ph  4.5  phosphate  standard  contains  only  the  acid  phosphate  and  would 
be  assigned  an  acidity  of  100.     The  full  notation  would  be  as  follow^s : 


PH 

CLINICAL   ACIDITY 

PH 

CLINICAL   ACIDITY 

FIGURE 

FIGURE 

4.5 

100 

6.65 

60 

4.95 

99 

6.8 

50 

5.3 

97.5 

7.0 

40 

5.6 

95 

7.15 

30 

5.9 

90 

7.4 

20 

6.25 

80 

7.5 

16.5 

6.45 

70 

The  use  of  the  expression  per  cent  should  be  avoided  because  per  cent 
refers  to  the  proportion  of  substance  by  weight.  Sorensen's  alkaline  phos- 
phate solution  is  a  1.187  per  cent  solution,  and  the  acid  phosphate  is  a  0.907 
per  cent  solution.  The  percentage  of  the  total  phosphate  present  as  KH2PO4 
in  a  phosphate  solution  of  acidity  80  (Ph  6.25)  is  actually  75  per  cent.  Also 
the  acidity  figures  do  not  indicate  the  relative  concentration  of  hydrogen  ions 
present  in  solution,  for  example,  a  Sorensen  phosphate  solution  of  Ph  4.95  con- 
tains about  100  times  as  many  H  ions  per  cubic  centimeter  as  a  phosphate 
solution  of  Ph  7.0,  but  the  relation  of  the  acidity  figures  is  99:40. 

Although  it  is  true  that  the  acidity  figure  indicates  the  percentage  of  the 
total  number  of  phosphate  molecules  that  are  present  in  a  solution  as  KHgPO^ 
molecules,  it  is  adinsable  to  refrain  from  using  the  term  per  cent. 
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SUMMARY 

M()(liric;iti<m>  of  tlir  soincwhat  (liriicult  standard  nu-tliod  arc  proposed  which 
should  enable  the  physician  to  estimate  witii  case  and  with  considerable  ac- 
curacy the  true  acidity  of  the  urine.  A  new  notation  for  the  various  degrees 
of  acidity  is  also  suggested  that  may  make  the  method  easier  for  clinicians. 
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A  COMBINED  MEASURING  AND  INJECTING  PIPETTE* 


By  George;  V>.  Roth,  Washington,  D.  C. 


IX  order  to  conform  to  the  U.S. P.  method  for  the  physiologic  assay  of  the 
members  of  the  digitalis  series  it  is  necessary  to  use  small  amounts  of 
the  modified  drugs.  The  transfer  of  small  amounts  of  fluid  from  a  measur- 
ing pipette  to  a  glass  container  and  then  to  an  injecting  pipette  introduces 
a  slight  error  which  can  be  avoided  by  the  use  of  the  following  described 
pipette.  The  combined  pipette  serves  not  only  for  the  measuring  of  the 
drugs,  but  for  their  injection  as  well.  Its  use  prevents  the  loss  of  fluid  and 
shortens  the  time  required  for  making  a  series  of  injections. 

The  pipette  is  made  from  the  barrel  of  an  all-glass  tuberculin  syringe 
or  preferably  from  a  short  glass  delivers-  pipette  which  has  a  capacity  of  1 
mil.  and  which  is  graduated  to  lOOths  of  a  mill.  (See  A  in  illustration.) 
The  lower  end  of  the  syringe,  or  pipette,  is  drawn  out  into  a  fine  point  sim- 
ilar to  an  injecting  pipette  with  the  exception  that  the  extreme  point  is 
closed  and  pointed  sharply.  Near  the  closed  pointed  end  is  a 
^  small  opening.      (See  B  in  illustration.)      The  closed  point  being 

shai-p  permits  of  the  easy  entrance  of  the  pipette  into  the  anterior 
lymph  sac  of  the  frog  while  the  position  of  the  lower  opening  of 
the  pipette,  being  above  the  extreme  point,  prevents  the  opening 
from  being  clogged  with  tissue  when  the  lymph  sac  is  entered. 
Gravity  is  sufificient  for  the  injection  of  the  fluid  so  that  the  amount 
introduced  can  be  carefully  controlled  by  admitting  air  into  the 
upper  opening  of  the  pipette. 


*From    the    Hygienic   Laboratory,    U.    S.    Public    Hcaltli    Service. 
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EDITORIALS 


Medical  Educatio7i  in  Great  Britain 

MEDICAL  education  in  Great  Britain  does  not  differ  widely  from  that  of 
this  country.  The  minimum  requirement  is  university  matriculation 
which  is  practically  the  same  as  ours  of  graduation  from  a  lirst-class  high 
school.  The  medical  course  in  the  British  medical  schools  covers  a  minimum 
of  five  years,  but  one  year  of  this  time  is  given  to  chemistry,  physics  and  biology 
which  are  included  in  our  premedical  course.  In  fact,  one  year  of  credit  is 
given  in  British  medical  schools  to  those  who  have  already  passed  in  these 
subjects.  In  the  British  medical  schools  Latin  is  no  longer  an  essential  re- 
quirement. It  will  be  seen  from  the  above  statements  that  the  requirements 
for  admission  to  the  British  medical  schools  are  equivalent  with  us  to  gradu- 
ation from  a  high  school  with  the  addition  of  one  year  of  collegiate  work  in 
physics,  chemistry  and  biology.  Our  Standard  Class  A  medical  schools  are  in 
advance  of  the  British  medical  schools  so  far  as  admission  requirements  are 
concerned. 
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In  llu-  r.iitish  iiicdital  scliooK  the  course  is  dividcfl  into  the  following 
tlircc  ,1; roups: 

(a)  I 'rrlimiuaiy   Science 

(\))  Inti  iim'fliale, 

(c  )  The  JMiial. 

The  lust  coriesi)ou<ls  to  our  ineniechcal  work,  hut  fleuiand^  only  one  year 
in  time.  The  second  is  j^iven  \vh(jUy  to  anatomy  and  physiology,  and  covers 
two  years  of  work.  (It  may  he  remarked  that  this  is  an  indication  of  why 
English  medicine  has  iield  a  predominant  rank  in  anatomy  anfl  i)hysiology.) 
In  the  third  period  British  medical  students  have  hacteriology,  pathologA'  and 
aU  the  clinical  branches  and  two  years  of  time  are  given  to  this  period. 

Our  British  colleagues  stress  examinations  much  more  than  we  do,  and 
since  these  are  held  only  at  fixed  times  there  is  often  much  delay  in  the  prog- 
ress of  the  individual,  and  six  and  even  seven  years  may  be  given  to  the 
medical  course,  and  often  are,  by  the  average  medical  student.  In  some  schools 
students  are  permitted  to  take  examinations  on  the  completion  of  each  of  the 
three  above-named  groups.  In  other  schools  no  examination  is  held  until  the 
completion  of  all  the  course.  The  average  cost  to  the  student  of  his  medical 
course  is  about  five  thousand  dollars. 

The  British  Medical  Journal  (August  31,  1918)  has  the  following  to  say 
concerning  the  effect  of  the  war  on  the  number  of  medical  students :  "Between 
the  years  1910-14  the  annual  entry  of  first  year  medical  students  averaged 
roughly  1,440.  Since  the  war  the  nmiiber  of  these  entries  has  increased  by 
five  or  six  hundred  a  year.  Thus,  the  wdiole  number  of  students  actually  pur- 
suing medical  studies  in  the  schools  of  the  United  Kingdom  has  shown  an 
upward  steady  movement.  In  May  1916  the  total  was  0,103;  in  June  1917 
it  was  6,682;  in  October  1917  it  was  7,048;  while  the  latest  figure  for  May 
1918  was  7,630.  But  for  some  time  the  large  withdrawls  of  male  students 
from  medical  schools  for  combatant  service,  or  as  surgeon  probationers  in  the 
navy,  more  than  nullified  the  increased  entries,  and  bade  fair  to  produce  a 
serious  deficiency  of  new  probationers  in  the  years  1918-1919.  Urgent  repre- 
sentations upon  this  matter  were  made  to  the  Government ;  as  a  result  some- 
thing has  been  done  to  make  good  the  threatened  shortage  by  the  return  of 
third  year  students  from  active  senice  to  complete  their  studies,  by  the  re- 
tention in  the  medical  schools  of  students  on  their  way  to  qualifications  who 
are  liable  to  be  called  to  the  colors,  and  l)y  limiting  the  period  of  serA-ice  of 
surgeon  probationers.  The  ]\Iinister  of  National  Service  has  further  under- 
taken to  provide  that,  if  possible,  the  supply  of  students  in  training  shall  be 
kept  at  a  level  sufficient  to  give  an  annual  yield  of  at  least  1,000  practitioners." 
The  number  of  female  medical  students  has  greatly  increased  and  stands 
now  at  about  2,250.  It  seems  from  the  above  that  the  probabilities  are  when 
this  war  closes  the  number  of  medical  practitioners  in  Great  Britain  will  be 
sufficient  to  supply  the  demand. 

Tlie  full  efi"ect  of  the  national  insurance  put  into  operation  before  the  war 
on  the  profession  can  not  be  yet  determined.     It  has  certainly  greatly  reduced 
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the  incomes  of  many  of  the  more  ex])ert  [)ractitioners,  and  has  increased  that 
of  the  less  efficient.  It  is  impossihle  to  predict  the  state  in.  which  the  profession 
will  tind  itself  when  the  war  ends.  It  is  possible,  and  indeed  highly  probable, 
that  the  socialization  of  the  profession  will  be  greatly  advanced.  Whether  this 
will  be  for  the  good  of  the  profession,  or  for  the  good  of  the  people,  or  for  the 
good  of  both,  will  depend  upon  the  lines  upon  which  the  advance  is  made. 
Great  wisdom  is  needed  to  direct  this  procedure. 

Most  of  the  universities  in  Great  Britain  give  courses  and  degrees  in  public 
health.  These  courses  are  open  only  to  those  who  are  qualified  to  practice 
medicine.  They  can  not  be  shorter  than  nine  calendar  months,  and  include 
four  months  of  laboratory  work  in  which  chemistry,  bacteriology  and  the  path- 
ology of  diseases  of  animals  transmissible  to  man  are  taught.  Six  months,  are 
given  to  the  questions  of  health  administration  and  attendance  at  least  twice 
weekly  for  three  months  at  a  hospital  for  infectious  diseases.  While  Public 
Health  Service  falls  far  short  of  perfection,  it  must  be  admitted  that,  judged 
by  the  results,  it  is  the  best  in  Europe.  There  is  no  other  European  countiy  in 
which  infections  are  so  well  controlled  and  the  death  rate  so  low.  This  train- 
ing in  public  health  has  been  of  the  greatest  service  during  the  present  war, 
both  in  the  civilian  and  the  military  population.  The  service  is  not  uniform, 
and  much  is  left  to  local  initiative.  Appointments  are  made  by  local  boards. 
The  medical  officer  of  health  in  a  country  borough — a  designation  which  in- 
cludes nearly  all  the  larger  towns — is  a  permanent  appointment.  The  medical 
officer  to  a  district  of  50,000  or  more  must  hold  a  diploma  in  public  health. 
School  medical  inspectors  are  appointed  by  the  local  school  boards.  The  func- 
tion of  the  school  inspector  is  broader  than  it  is  with  us.  He  must  not  only 
watch  for  infectious  diseases,  but  for  physical  and  mental  defects  which  he 
must  report  to  the  parents  and  aid  them  in  securing  remedies.  Not  infre- 
quently the  office  of  health  supervisor  and  that  of  school  inspector  is  held  by 
the  same  individual.  These  duties  may  be  shared  by  an  assistant.  Under  the 
Insurance  Act  tuberculosis  officers  take  charge  of  dispensaries  devoted  to  this 
disease.  These  are  whole  time  officials  who  have  special  training  and  the 
salary  is  $2,500. 

A  large  proportion  of  medical  practitioners  in  Great  Britain  do  not  possess 
the  degree  M.D.  In  fact,  the  matter  of  medical  degrees  and  the  number  and 
variety  of  bodies  conferring  such  degrees  is  too  complicated  and  too  uninteresting 
to  us  in  this  country  to  justify  the  time,  energy  or  space  necessary  to  learn  it. 
In  our  College  of  Surgeons  we  are  imitating  our  British  confreres.  W^hether 
this  move  is  a  wise  one  or  not,  someone  else  may  discuss. 

—V.  C.  V. 


Transmission  of  Influenza 


DESPITE  the  quite  tremendous  amount  of  work  that  has  been  done  in  at- 
tempting to  clarify  and  elucidate  the  etiologic  problems  connected  with  in- 
fluenza, very  little  of  practical  importance  has  been  evolved.     The  virtis  is  still 
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uiKcrlaiii,  i  l'  n<»l  iiuliid  niikiinw  n.  Su^pi'iitii  iiiiplicalo,  (Icpendiiif^  larj^cly  upon 
llu-  results  ol  liartciiolii.^ic  umk,  l.olh  I',  inlkienzae  (Pfeiffer )  and  the  pneumo- 
cocci.  Also,  (Icpfiiding  upon  the  uiiprodiu  1  i\ cncss  of  bactcriologic  labors,  and  of 
experimental  work,  certain  workers  hold  to  the  c(jnce[)tion  that  an  unknown  fil- 
terable virus  is  the  probable  essential  cause  of  the  complex. 

Inrtuenza  undoubtedly  belongs  to  the  group  of  diseases  which  have  cfjme  to 
be  called  "respiratory."  it  seems  surely  to  be,  so  far  as  we  can  judge,  a  "spray- 
lM)rne"  disease,  by  which  is  im-aiU  that  the  \irus  i>  transmitted  by  spray,  result- 
ing from  coughing  and  sneezing,  tiom  the  respiratory  tract  of  one  individual  to 
that  of  anotlier.  There  seems  U)  be  good  evidence  also  that  it  may  be  carried 
on  the  hands,  ant!  e\  en  by  dishes,  as  well  as  by  handkerchiefs  and  towels. 
Judging  from  the  rate  of  spread  from  person  to  person  the  infectious  agent 
is  of  considerable  pathogenicity.  Despite  all  these  facts  no  one  .seems  to  have 
been  able  to  isolate  the  virus,  and  only  in  a  few  instances  has  experimental  work 
indicated  the  definite  presence  of  the  virus  in  the  respiratory  secretions. 

In  October  1918,  Nicolle  and  Lcbailly  concluded  from  their  experiments 
that  the  bronchial  expectoration  of  influenza  patients  is  virulent  for  human  be- 
ings and  for  monkeys.  These  writers  used  the  material  from  a  patient  who 
had  been  ill  two  days  for  inoculations.  Filtered  and  unfiltered  specimens  were 
used.  The  unfiltered  substances  were  inoculated  into  monkeys  by  the  subjunc- 
tival  and  nasal  routes,  and  in  each  case  caused  the  disease.  The  filtered  mate- 
rial was  used  upon  human  volunteers  to  whom  it  was  given  subcutaneously  and 
intravenously.  Those  inoculated  subcutaneously  contracted  the  disease;  those 
inoculated  intravenously  did  not.  Blood  taken  from  a  monkey  suffering  from 
the  disease  and  introduced  subcutaneously  in  humans  did  not  produce  the  dis- 
ease. From  these  experiments  it  is  concluded  that  the  cause  of  the  disease  is  a 
filterable  virus  which  does  not  inhabit  the  blood  stream,  but  which  does  inhabit 
the  respiratoiy  tract.*  These  early  experiments  were  carried  out  in  an  exceed- 
ingly small  scale. 

Following  the  French  investigation,  have  come  the  ones  carried  out  under 
the  auspices  of  the  United  States  Public  Health  Service  and  the  United  States 
Na^y.  These  have  been  carried  out  in  two  parallel  series,  one  at  Boston,  Mass., 
and  one  at  San  Francisco.  At  each,  the  same  methods  were  used,  and  consisted 
in  inoculations  of  human  volunteers  with  }>urc  cultures  of  Pfeiffer's  bacillus, 
with  secretions  from  the  upper  air  passages,  and  with  blood  from  typical  cases 

of  influenza.! 

The  studies  were  begun  with  an  experiment  in  which  a  suspension  of  a  freshly 
isolated  culture  of  Pfeiffer's  bacillus  was  instilled  into  the  nose  of  each  of  three 
nonimmunes  and  into  the  nose  of  each  of  three  immunes.  Xone  of  the  subjects 
showed  any  reaction  after  the  treatment.  Another  experiment  was  made  at  a 
later  date  with  a  suspension  of  a  number  of  pure  cultures  of  the  bacillus.  Ten 
nonimmune  volunteers  were  inoculated  with  negative  results.  Three  sets  of  ex- 
periments were  made  with  secretions, — both  filtered  and  unfiltered. — from  the 
upper  respiratory  tract  of  typical  cases  of  influenza  in  the  most  active  stage  of 


*Compt.   rend.    Acad.   d.   sc,    1918,   dxvii,   607. 
tPublic   Health   Kcports.    1919,    x.xxiv,   33. 
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the  disease.  In  lliese  e.\[ierinieiits  a  total  of  30  men  were  sul)jectcd  to  inocula- 
tion by  means  of  sprays,  swabs,  or  both,  of  the  nose  and  throat.  The  interval 
elapsing  between  securing  secretions  frcnn  the  donors  and  inoculation  of  the 
volunteers  was  progressively  reduced  in  these  experiments  so  that  in  the  third 
of  the  series  the  interxal  at  most  was  30  seconds.  In  no  instance  was  an  attack 
of  influenza  produced  in  any  one  of  the  subjects.  An  experiment  was  made  in 
which  the  members  of  one  of  the  groups  of  volunteers  which  had  been  subjected 
to  inoculation  with  secretions  were  exposed  to  a  group  of  cases  of  influenza  in 
the  active  stage  of  the  disease  in  a  manner  intended  to  stimulate  conditions 
which  in  nature  are  supposed  to  favor  the  transmission  of  the  disease.  Each  of 
this  group  of  ten  volunteers  came  into  close  association  for  a  few  minutes  with 
each  of  ten  selected  cases  of  influenza  in  the  wards  of  the  Chelsea  Naval  Hos- 
pital. At  the  time  the  volunteers  were  exposed  to  this  infection  the  cases  were 
from  ten  to  eighty-four  hours  from  the  onset  of  their  illness  and  four  of  them 
were  not  twenty-four  hours  after  the  onset.  Each  volunteer  conversed  a  few 
minutes  with  each  of  the  selected  patients,  who  were  requested  to,  and  coughed 
into  the  face  of  each  volunteer  dn  turn,  so  that  each  volunteer  was  exposed  in 
this  manner  to  all  ten  cases.  The  total  exposure  amounted  to  about  three- 
quarters  of  an  hour  for  each  volunteer.  None  of  these  volunteers  developed 
any  symptoms  of  influenza  following  this  experiment. 

Advantage  was  taken  of  the  opportunity  for  making  this  study  to  attempt 
to  confirm  the  reported  positive  results  of  transmission  of  influenza  by  NicoUe. 
Secretions  from  five  typical  cases  of  influenza  were  secured,  filtered,  and  some 
of  the  filtrate  was  inoculated  subcutaneously  into  each  of  the  group  of  ten  vol- 
unteers. At  the  same  time  blood  was  drawn  from  the  same  cases  and  pooled, 
and  some  of  the  mixed  blood  injected  subcutaneously  into  each  of  another 
group  of  ten  volunteers.  The  time  lost  between  drawing  the  blood  and  inocu- 
lating it  in  no  case  exceeded  three-quarters  of  an  hour.  None  of  the  men  sub- 
jected to  these  inoculations  developed  any  evidences  of  illness. 

The  San  Francisco  observations  were  made  practically  simultaneously  with 
those  described  above.  In  the  parallel  series  the  volunteers  who  were  used  dif- 
fered from  those  used  at  Boston  in  two  respects — first,  the  personnel  of  the 
Yerba  Buena  Station  had  not  been  exposed  to  influenza  in  the  present  epidemic 
and  were  therefore  presumed  not  to  possess  any  special  natural  immunity;  sec- 
ond, all  of  the  men  had  been  vaccinated  with  large  doses  of  a  bacterial  vaccine 
containing  Pfeiffer's  bacilli,  the  three  fixed  types  of  pneumococci  and  hemolytic 
streptococci.  We  are  not  prepared  at  present  to  state  what  influence  this  vac- 
cination may  have  had  in  promoting  resistance  tO'  influenza  infection,  but  if  we 
may  judge  by  the  results  of  controlled  experiments  elsewhere  such  vaccination 
may  for  the  present  purpose  be  ignored.  One  group  had  instilled  into  the  nos- 
trils of  each  man  a  heavy  suspension  made  by  emulsifying  cultures  of  eight 
strains  of  PfeifTer's  bacillus  without  filti-ation.  The  other  group  had  the  same 
material  used  after  passage  through  a  Berkefeld  N  candle.  The  results  were 
negative,  though  the  men  were  held  under  observation  for  seven  days. 

Emulsions  of  secretions  from  the  upper  respiratory  passages  of  active  cases 
of  influenza  from  15  to  48  hours  from  the  onset  were  instilled  into  the  nose  by 
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iiicaiis  of  a  iiu'dirinc  (lrM|(|i(r  nr  uilli  an  atoiiii/c-r.  In  facli  c:x])erirnciU  api^rox- 
iinatcly  an  v(\u:i\  nuinlKT  of  volunteers  were  treated  with  the  same  emulsion 
after  liltralion  throuj^h  a  licrkefeld  X  candle.  In  every  case  the  results  were 
negative,  so  far  as  the  reproduction  of  influen/a  is  concerned.  The  men  were 
all  ohserxed   for  seven  days  after  inoculation. 

A  filtered  emulsion  of  material  from  the  upper  air  passages  of  an  acute  case 
of  influenza  was  (ln)i)])ed  into  the  conjunctivae  of  two  volunteers  and  the  same 
material  iniected  suhcutaneousl}-  into  one  volunteer.  In  each  case  the  re>ult 
was  negati\e. 

One  cubic  centimeter  of  Mood  taken  during  the  active  stage  of  influenza 
was  inoculated  su])CUtaneously  into  one  volunteer  with  negative  results. 

Judging  from  these  three  im])ortant  pieces  of  experimental  work  one  would 
say  that  influenza  was  transmitted  with  a  very  considerable  degree  of  difficulty, 
and  yet  the  facts  observed  during  the' epidemic  indicate  that  the  reverse  is  true. 
One  mav  reasonably  suspect  that  there  are  essential  conditions,  especially  in  the 
American  series,  which  inhibited  transmission.  The  positive  results  of  the 
French  investigators  overbalance  the  negative  ones  of  the  American.  To  ar- 
rive at  certain  results  further  work  must  be  done  with  subjects  who  are  cer- 
tainly nonimmune.  Before  that  can  be  done  some  method  of  determining 
immunity  must  be  devised.  p    q    jj/ 


Hand  to  Mouth  Infection 

WE  have  long  recognized  the  fact  that  the  hand  of  all  the  members  of  the 
body  is  most  frequently  the  bearer  of  infection.  Long  before  we  knew 
anything  about  bacteria  it  was  the  custom  of  decent  people  to  wash  their  hands 
before  eating.  The  most  ignorant  mother  sends  her  little  boy  from  the  table 
when  he  comes  with  dirty  hands,  and  tells  him  that  it  is  not  necessary-  for  him 
to  eat  the  proverbial  peck  of  dirt.  The  surgeon  has  spent  much  time  in  in- 
vestigating the  methods  necessary  to  so  thoroughly  cleanse  his  hands  that  they 
may  not  serve  to  carry  infection  to  the  wounds  upon  which  he  operates.  He 
found  that  sterilization  of  the  hands  was  difficult  and  so  uncertain  that  he 
resorted  to  the  use  of  rubber  gloves.  It  is  true  that  bacteria  may  be  carried 
without  harm  into  the  mouth  which  would  endanger  life  if  introduced  into  the 
wounds ;  however,  that  the  hand  often  serves  to  cany  harmful  organisms  to 
the  mouth  and  to  the  respiratoiy  organs  is  conceded  by  all. 

In  army  life  the  soldier  is  instructed  to  wash  his  hands  before  eating  and 
after  visiting  the  toilet.  \\'hen  one  has  watched  the  soldier,  the  average  soldier 
complying  with  this  order,  he  recognizes  how  unsatisfactorily  it  is  done.  Pos- 
sible methods  for  securing  more  perfect  cleanliness  of  the  hands  among  soldiers 
have  been  the  subject  of  serious  and  prolonged  discussion  among  medical  offi- 
cers. The  same  is  true  concerning  the  cleaning  and  sterilization  of  mess  kits. 
Order  after  order  has  been  issued  concerning  this  matter,  and  still,  however 
observant,  the  medical  officer  is  well  aware  of  the  unsatisfactory  results  obtained. 

Recently  Col.  Lynch  and  Lieut.-Col.  Gumming  have  called  attention  to  this 
matter  from  a  somewhat  different  standpoint  than  has  been  done  at  any  previous 
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time.  These  officers  have  shown  by  statistics  that  the  respiratory  diseases  are 
less  prevalent  among  soldiers  who  use  table  ware  than  among  those  who  use 
mess  kits.     The  usual  method  of  cleaning  the  individual  mess  kit  is  as  follows: 

A  garbage  can  is  filled  with  hot  water,  boiling  water  to  start  w^ith,  in 
which  soap  is  dissolved.  The  volume  of  the  contents  of  the  can  is  subject  to 
considerable  variation,  but  is  limited  at  most  to  a  few  gallons.  In  this  two  hun- 
dred and  fifty  mess  kits  are  sometimes  washed.  The  w^ater,  boiling  at  first, 
rapidly  lowers  in  temperature,  and  soon  reaches  that  of  the  optimum  growth 
of  bacteria.  Each  soldier  puts  his  hand  in  the  water  and  scrubs  his  mess  kit. 
Lieut.-Col.  Gumming  has  made  a  study  of  the  bacteria  in  the  wash  water.  In 
the  first  place  he  finds  that  the  number  of  bacteria  removed  from  the  hands  de- 
pends upon  the  temperature  of  the  w-ater,  that  in  w^ater  from  38°  to  50°  the 
number  of  bacteria  removed  from  the  hand  and  consequently  distributed  in 
the  wash  water  is  larger  than  at  lower  or  higher  temperatures.  He  has  shown 
that  by  the  time  the  Company  mess  kits  have  been  washed  in  one  of  these 
cans,  the  fluid  has  become  a  rich  culture  and  may  contain  more  than  one  hun- 
dren  thousand  bacteria  per  cubic  centimeter.  Ever>'  soldier's  hands  have  been 
immersed  in  this  fluid.  After  scrubbing  his  mess  kit  in  the  soapy  solution,  the 
soldier  dips  his  mess  kit,  or  is  supposed  to,  in  boiling  water.  This  is  not  always 
done,  but  granting  that  it  is  done  and  that  that  portion  of  the  kit  which  is 
immersed  in  the  boihng  water  is  sterilized,  what  is  the  condition  of  the  hands 
which  have  been  immersed  in  the  bacterial  culture?  This  is  really  more  im- 
portant than  the  sterilization  of  the  mess  kit.  The  soldier  with  his  hands  moist 
with  this  fluid  rich  in  bacteria,  puts  his  hands  to  his  mouth,  picks  his  teeth  with 
his  fingers,  holds  the  fruit  which  he  eats,  hands  food  to  his  comrades,  opens 
doors,  infecting  the  knob,  spreads  the  infection  over  his  clothing,  and  distributes 
to  others  the  various  bacteria  present  in  tlie  wash  water.  Some  of  these  bacteria 
he  may  carry  under  his  nails  for  days. 

The  main  point  brought  out  by  Col.  Lynch  and  Lieut.-Col.  Cumming  is  the 
infection  of  the  soldier's  hands  in  washing  his  mess  kit.  This  is  of  more  im- 
portance than  the  failure  to  sterilize  the  kit. 

There  are  other  ways  in  which  our  hands  become  the  bearers  of  infection. 
We  blow  our  noses  into  our  handkerchiefs,  handle  the  handkerchief  both  while 
it  is  still  moist  and  after  it  is  dry,  then  shake  hands  with  our  best  friends,  trans- 
ferring bacteria  along  with  the  greeting. 

The  story  is  told  of  a  wicked  woman  who  wore  a  ring  in  which  there  was 
a  spring  w-hich  moved  a  fine  sharp  lancet.  When  she  affectionately  and  ten- 
derly grasped  the  hand  of  her  dearest  friend  she  pressed  the  spring  and  in- 
oculated her  friend  w^ith  a  deadly  poison.  This  is  probably  all  fiction;  but 
how  many  have  been  inoculated  by  the  handshake  of  a  friend,  no  one  can  tell. 

There  are  various  ways  in  which  mess  kits  can  be  sterilized.  This  is  a 
comparatively  easy  problem;  but  how  to  keep  the  hand  free  from  pathogenic 
germs  at  all  times  is  a  wholly  different  and  much  more  difficult  proposition. 

Workers  in  bacteriologic  laboratories  are  in  the  habit  of  washing  their 
hands  in  various  disinfecting  agents.  Some  use  a  10  per  cent  solution  of  crude 
lysol.     This  is  not  an  unpleasant  application,  and  when  allowed  to  remain  upon 
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the  hands  \nr  soiiu-  monK-nts  and  then  washed  off  with  sterile  or  even  safe  tap 
water  seems  to  Ix;  ellicacious.  l'rohal»ly  the  most  common  constituent  of  the 
steiinzinj,--  jar  for  washing  the  hands  in  the  l>acteriolof^ic  laboratory  is  a  solu- 
tion of  nieicuric  chloride,  one  to  one  thousand.  However,  this  is  not  efficient. 
The  nicrctnic  chloride  coagulates  protein  substances,  and  in  the  coagulent, 
germs  may  be  entangled  and  protected  from  the  action  of  the  disinfectant.  For 
this  reason  the  solution  of  mercuric  chloride  is  not  to  be  recommended.  In 
other  laboratories  a  5  per  cent  solution  of  carbolic  acid  is  used.  This  is  not 
so  agreeable  an  application  as  the  10  per  cent  solution  of  lysol  and  probably  not 
so  efficient.  In  still  other  laboratories  the  jar  for  washing  the  hands  contains 
a  saturated  aqueous  solution  of  chlorine  gas.  In  my  opinion  this  is  the  most 
satisfactory  agent  for  the  sterilization  of  the  hands.  Of  course  the  chlorine 
must  be  washed  off  the  hands  with  water.  Since  chlorine  is  used  in  almost 
eveiy  camp  in  the  sterilization  of  water,  it  might  be  possible  to  provide  a  solu- 
tion of  this  kind  in  which  soldiers  could  wash  their  hands. 

At  any  rate  we  must  admit  that  the  possibilities  of  hand  to  mouth  infec- 
tion are  great,  and  some  provision  should  be  made  whereby  the  ill  effects  may 
be  reduced  to  a  minimum. 

— F.  C.  V. 


The  Toxin  of  Bacillus  Influenzae 

THERE  are  two  features  of  the  disease  intiuenza  which  point  to  its  being  due 
to  the  action  of  a  powerful  toxin,  one  is  the  consistent  leucopenia, — the 
other  is  the  rapidity  of  its  onset  and  extreme  prostration.  Since  there  is  no 
certainty  regarding  the  bacterial  cause  of  the  disease  a  search  for  a  toxin  must 
be  based  upon  purely  empiric  grounds.  Since  B.  influenzae  is  under  suspicion, 
and  since  comparatively  little  is  know-n  of  the  biologic  activities  of  this  organism 
certain  recent  studies  have  centered  about  it.  Most  interesting  of  such  studies 
is  that  recently  published  by  Julia  Parker*  on  toxin  production.  Her  results  are 
astonishing,  and  indicate  that  the  organism  produces  a  substance  of  great  tox- 
icity under  the  conditions  of  the  experiments,  i.  e.,  after  growth  on  veal  infu- 
sion media.  "The  poison  is  produced  with  remarkable  speed.  We  have  ob- 
tained very  toxic  filtrates  even  after  only  from  six  to  eight  hours'  incubation. 
At  this  time  the  organisms  are  growing  very  rapidly.  Most  of  our  work  has 
been  done,  however,  with  eighteen  or  twenty  hours'  growth.  There  is  no  rela- 
tion between  the  amount  of  growth  and  poison  formation.  After  incubation  the 
cultures  were  centrifugalized,  and  the  supernatant  fluid  was  filtered  through  a 
Berkefeld  candle.  The  sterile  filtrate  was  then  inoculated  intravenously  into 
rabbits.  The  poison  deteriorates  ver}-  quickly,  even  when  kept  in  the  ice  box. 
For  this  reason  the  toxicity  of  the  poison  must  be  tested,  and  the  experiments 
made  on  the  same  day.  If  2  c.c.  of  a  poison  killed  a  medium  sized  rabbit  in 
from  one  to  three  hours,  we  considered  it  a  good  poison.  Sometimes  rabbits  died 
when  injected  with  1  c.c.  of  a  poison,  but  this  was  not  the  usual  result.     ^^  hen 


*Jour.    .\m.    .Med.    Assn.,    1919,    Ixxii,    476. 
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a  rabbit  is  given  a  lethal  dose  of  the  poison,  there  is  an  incubation  period  of 
about  thirty  minutes  before  any  synii)toms  appear.  This  is  followed  by  increas- 
ing weakness,  often  accompanied  b}-  diarrhea.  Death  usually  occurs  within 
three  hours,  with  or  without  con\ulsions.  Immunologic  tests  were  carried  out 
as  follows:  Rabbits  were  immunized  to  multiple  lethal  doses  of  the  poison. 
The  serum  of  rabbits  that  have  withstood  at  least  four  lethal  doses  of  the  poi- 
son will  protect  normal  animals  against  lethal  inoculation  of  the  poison.  An 
immunity  against  a  poison  produced  from  any  one  strain  will  protect  against  a 
poison  from  any  other  strain.     This  protection  is  shown  in  two  dififerent  ways : 

"A.  By  mixing  the  lethal  dose  of  the  poison  in  vitro  with  the  serum  before 
inoculation. 

"B.  By  giving  the  serum  fifteen  minutes  before  or  fifteen  minutes  after  the 
injection  of  the  poison.'" 

These  experimental  results  may  be  used  in  explanation  of  many  of  the  clin- 
ical facts  of  the  disease,  and  also  of  the  discrepancies  which  appear  in  the 
human  experimental  work  in  connection  with  influenza. 

—P.  G.  W. 


The  Human  Tubercle  Bacillus — Are  There  Distinct  Types? 

BROWNLEE,*  who  has  a  reputation  among  his  colleagues  as  "being  very 
learned  and  more  capable  of  extracting  truth  from  statistics  than  is  any 
one  else  in  England,"  has  suggested  from  statistical  analysis  of  the  Registrar- 
General's  returns  of  mortality  from  phthisis  that  we  may  possibly  be  dealing 
with  three  types  of  the  human  tubercle  bacillus. 

As  is  pointed  out  in  an  introduction  by  the  Medical  Health  Committee  of 
the  National  Health  Insurance  to  "An  Investigation  Into  the  Epidemiology  of 
Phthisis  in  Great  Britain  and  Ireland,"  by  Dr.  John  Brownlee,  the  knowledge 
of  types  of  pneumococcus,  dysentery,  typhoid,  meningococcus  and  possibly 
tetanus,  would  lead  to  a  suggestion  that  there  might  be  separate  types  of  the 
tubercle  bacillus  causing  phthisis.  What  is  novel  is  "that  the  detection  of  dis- 
tinct types  should  come  sooner  from  statistical  than  from  bacteriological  analy- 
sis." Brownlee's  studies  and  charts  suggest  that  we  may  be  dealing  with  three 
types  of  the  human  tubercle  bacillus. 

1.  The  "young  adult"  type.     Death  resulting  between  20-25  years. 

2.  The  "middle  age"  type.     Death  resulting  between  45-50  years. 

3.  The  "old  age"  type.     Death  resulting  between  55-65  years. 

These  types  are  shown  to  have  dififerent  geographical  distribution  in  Great 
Britain.  Charts  are  given  showing  for  instance  that  in  the  Shetland  Islands 
only  the  "young  adult"  type  exists,  whereas  in  London  practically  only  the 
"middle  age"  type  exists. 

The  statistics  of  the  Registrars-General  of  England,  Scotland  and  Ireland 
which  are  analyzed  cover  a  period  of  over  fifty  years,  and  it  is  probably  rightly 
claimed  that  these  statistics  can  be  matched  by  no  other  country. 


*An    Investigation    into    the    Kpideniiology    of    Phthisis    in     Great     Britain     and     Ireland.       National 
Health   Insurance,   His   Majesty's    Stationery   Office,    I^ondon. 
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Iii.isiinuli  .IS  poiiul.ilii'iis  (,f  (HTt.iiii  sections  aiul  cities  arc  found  to  vary  in 
ai^c  c(iiisliluli(Mi,  a  ratio  is  '^\\vu  hclwc'cn  llic  number  of  deaths  from  i>hthisis 
and  the  uuiiiIhi-  ol"  persons  h\ini(  at  the  same  a.Lje  ])eri(.d,  this  death  rale  being 
expressed  in  parts  ])cr  thousand  or  jtcr  milhon. 

'I'he  (ha,i,Mams  >ho\v  that  a  threat  diminuti(jn  in  the  mortaHty  of  phthisis 
has  occurred  in  the  last  fifty  years,  but  tliat  this  decrease  is  uneciually  distributed 
over  the  dift'erent  ajjcs. 

A  most  conspicuous  fall  in  the  death  rate  is  noted  at  the  ages  twenty  to 
twenty-five,  and  this  in  spite  of  the  disease  at  this  age  i)eriod  being  the  easiest 
of  all  to  diagnose. 

The  curves  embracing  the  whole  f)f  C'.reat  T.ritain  have  been  generally 
known.  The  analysis  of  returns  from  limited  areas  have  not  heretofore  been 
plotted,  and  it  is  a  study  of  these  that  has  led  Brownlee  to  su.spect  the  pos- 
sibility of  the  different  types. 

Data  from  every  county  in  England  were  investigated  and  in  this  manner 
the  striking  age  distril)utions  were  found.  The  "young  adult"  type  was  gen- 
erally noted  throughout  England  and  Wales  with  the  exception  of  Lancashire, 
part  of  Yorkshire,  Staitordshire,  \\'arwickshire  and  London.  In  these  regions 
the  type  of  "middle  age"  phthisis  was  especially  high.  It  was  not  possible  to 
analyze  Ireland  by  counties  but  as  a  wdiole  it  shows  a  preponderance  of  the 
"young  adult"  type. 

Mortality  curves  contrasting  North  A\'ales  and  London  are  most  striking. 
They  serve  to  convince  one  that  combined  mortality  curves  of  England  and 
Wales  would  have  masked  important  observations  and  deductions.  In  North 
Wales  for  the  period  of  1861  to  1870  the  "young  adult"  type  registered  nearly 
7000  deaths  per  million  living  at  that  age,  rapidly  declining  to  4000  per  mil- 
lion in  middle  age.  The  1891  to  1900  period  also  shows  a  rapid  rise  to  the 
"young  adult"  tvpe.  but  only  registering  2700  per  million  and  the  record  remain- 
ing almost  horizontal  until  sixty-five  years.  In  London,  on  the  other  hand, 
the  curve  rises  to  a  maximum  in  both  the  periods  1861-1870  and  1901-1910 
between  the  ages  of  forty-tive  to  fifty-five  years,  6500  per  million  for  the  former 
and  4500  per  million  for  the  latter.  The  "young  adult"  type  is  remarkably 
slight  in  amount  being  4000  per  million  in  the  former  and  only  1700  per  mil- 
lion in  the  latter. 

In  general  Brownlee  notes  that  the  chief  seats  for  the  early  phthisis  are  in 
seaboard  and  agricultural  counties,  so  much  so  that  in  tlie  Shetland  Islands 
there  is  almost  no  phthisis  at  all  except  this  "young  adult"  type.  He  suggests, 
therefore,  that  Hippocrates  may  not  have  been  incorrect  in  his  statement  that 
the  chief  ages  of  the  susceptibility  to  phthisis  were  between  15  and  35  years. 
This  would  seem  to  be  true  today  in  AA'ales,  a  country  comparable  to  Greece. 

Cornwall  would  seem  to  be  a  county  es]iecially  conspicuous  for  the  "old 
age"  type,  and  it  is  show^n  that  this  has  nothing  to  do  with  the  tin  mining  m- 
dustiy  inasmuch  as  the  incidence  is  the  same  in  the  population  not  engaged  in 
this  work. 

It  is  noted  that  in  Northampton  and  Leicester,  the  chief  seats  of  the  boot 
and  shoe  manufacture,  early  phthisis  is  frequent;  consequently  there  is  a  con- 
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.sitlcrahlo  amount  of  early  i)lilhisis  aniont,'^  the  boot  and  shoe  makers.  It  is 
pointed  out  that  Xhc  incidence  of  puhnonary  tuberculosis  in  different  trades 
must  be  compared  with  the  incidence  and  type  in  the  immediate  neighborhood 
and  not  with  that  at  large. 

There  is  found  to  be  three  times  as  much  "old  age"  phthisis  among  males 
as  among  females,  and  in  females  the  "young  adult"  type  is  a  little  later  than 
among  males,  and  the  "middle  age"  type  a  little  earlier  than  among  males. 

The  effect  of  environment  is  considered  and  the  following  results  are  sug- 
gested :  phthisis  of  the  "middle  age"  type  is  an  infection  of  which  the  virulence 
is  increased  by  the  presence  of  unhealthy  conditions,  l)Ut  phthisis  of  the  youth 
and  "old  age"  t}pes  is  infection  of  which  the  spread  is  not  affected  by  such  con- 
ditions. 

The  idea  that  an  infectious  disease  is  not  necessarily  more  abundant  where 
there  is  more  overcrowding  is  instanced  in  regard  to  scarlet  fever.  Figures  on 
scarlet  fever  have  been  published  showing  that  as  room  density  increases  the 
amount  of  scarlet  fever  decreases  and  that  in  the  best  parts  of  the  city  of  Glas- 
gow there  is  nearly  three  times  as  much  scarlet  fever  as  in  the  worst.  When 
spread  by  milk,  however,  notoriously  the  opposite  is  found. 

It  is  estimated  that  a  small  positive  correlation  found  between  the  "young 
adult"  and  "old  age"  types  indicates  that  a  small  number  of  people  can  become 
infected  by  the  tubercle  bacillus  in  youth,  hold  it  at  bay  during  the  years  of 
manhood,  but  succumb  to  the  infection  in  old  age,  but  most  of  the  cases  of 
"old  age"  tuberculosis  must  be  regarded  as  new^ 

So  far  only  Parts  I  and  II  of  Brownlee's  studies  have  been  published  and 
further  publications  will  be  awaited  with  interest.  Should  bacteriologic  studies 
confirm  his  suggestions,  practical  results  may  be  expected,  as  he  suggests  in 
the  more  specific  tuberculins  wdiich  may  be  prepared  for  each  type. 

The  evidence  produced  indicates  that  the  epidemiology  of  the  tw^o  chief 
types  of  phthisis,  namely,  the  "young  adult"  and  "middle  age"  types,  is  dif- 
ferent. The  present  epidemic  of  phthisis  of  the  former  type  had  its  maximum 
about  the  middle  of  the  last  century,  while  the  epidemic  of  phthisis  among  the 
middle  aged  had  its  maximum  fully  one  hundred  years  ago. 

The  increase  in  the  mean  age  at  death  from  phthisis  which  has  been  steadily 
rising  and  which  has  been  explained  as  due  to  more  immunity  and  better 
hygienic  conditions  of  the  population  would  also  be  possible  of  explanation  by 
the  disappearance  of  the  "young  adult"  type  of  disease. 

Brownlee's  contributions  are  both  stimulating  and  refreshing  and  they  will 
certainly  give  an  impetus  to  laboratory  and  statistical  studies  in  America. 

The  great  reduction  noted  in  the  serious  pulmonary  tuljerculosis  at  the  age 
of  twenty-five  would  serve  to  indicate  that  in  our  army  so  largely  composed  of 
young  men  we  at  present  may  not  expect  a  large  incidence  of  men  returned 
from  France  with  this  disease. 

—G.  B.  JF. 
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ORIGINAL  ARTICLES 


ENCEPHALITIS  LETHARGICA 


■  By  Victor  C.  Vaughax,  M.D.,  Ann  Arbor,  Mich. 

NEWSPAPER  reporters  are  now  busy  interviewing  the  doctors  concerning 
the  new  disease  popularly  known  as  "sleeping  sickness."  In  my  opinion^ 
any  real  information  on  this  subject  should  be  given  to  the  newspapers.  The 
time  has  long  since  passed  when  knowledge  concerning  disease,  and  especially 
epidemic  disease,  should  be  withheld  from  the  public.  The  better  newspapers  in: 
the  country  now  go  to  the  best  doctors  for  information  along  these  lines,  rather 
than,  as  formerly,  to  quack  nostrum  venders.  The  wise  physician  uses  ever}' 
legitimate  effort  to  educate  the  public,  and  the  agency  through  which  this  can 
be  best  accomplished  is  the  reputable  newspaper  which  constitutes  the  most  im- 
portant agent  for  the  diffusion  of  knowledge  among  the  masses.  Even  the  most 
alert  and  up-to-date  physician  knows  little  about  this  disease,  and  the  purpose 
of  this  writing  is  to  gather  together  and  make  available  to  the  profession  the  more 
technical  details  concerning  it.  I  learn  from  the  English  review  of  the  foreign 
medical  press  that  a  monograph  on  encephalitis  lethargica  has  been  published 
at  Vienna  by  Professor  Economo.  I  have  not  seen  this  monograph,  and  here- 
with introduce  the  greater  part  of  the  notice  as  it  appears  in  the  English  re- 
view.   The  statement  is  as  follows : 

"In  this  monograph  Economo  has  republished  in  readable  form  the  results 
of  his  investigations  into  the  epidemic  of  infective  encephalitis,  which  occurred  in 
Vienna  in  the  winter  of  1916-17  without  adding  much  to  our  knowledge  of  this  in- 
teresting disease.  Details  of  thirteen  excellently  described  clinical  cases  (two  of 
which  are  new)  are  given.  Of  these  thirteen  cases,  five  died  and  were  examined 
both  macroscopically  and  microscopically  after  autopsy.    In  all  cases  the  Wasser- 
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iiKuiii  reaction  in  both  blood  and  cerebrospinal  lluid  was  negative  (difference 
I'roin  poliomyelitis),  and  all  were  tested  sercjlogically  against  various  strains  of 
the  iiacillus  typhosus.  The  infective  encephalitis  of  man  can  be  conveyed  to 
apes.  The  cause  of  the  illness,  according  to  the  autlior,  can  neither  be  a  toxin 
nor  a  poison,  but  must  be  due  to  a  living  organism.  This  organism  can  not 
])ass  through  a  Rerkefeld  filter,  and  in  this  respect  differs  entirely  from  the  or- 
ganism of  poliomyelitis  ( Heine-Medin  disease).  From  an  infected  ape  a  pure 
culture  of  a  diplostreptococcus  was  obtained  by  von  Wiesner.  This  organism 
when  injected  into  animals  produces  in  those  animals  a  hemorrhagic  encephalitis; 
in  some  instances  in  man  the  encephalitis  has  also  shown  hemorrhagic  characters. 
The  author  discusses  adequately  the  various  symptoms;  the  mode  of  onset,  the 
fever,  the  delirium,  the  somnolence  (which  he  attributes  to  the  localization  of 
the  pathologic  lesions  in  the  neighborhood  of  the  optic  thalamus),  the  meningis- 
mus,  the  changes  in  the  cerebrospinal  fluid,  blood,  urine,  the  ocular  symptoms, 
the  signs  of  bulbar  interference,  the  palsies  of  the  extremities,  rigidity,  athetosis, 
ataxy.  No  known  measures  of  therapy  have  influenced  the  course  of  the  disease. 
Excellent  descriptions  of  the  changes  found  in  the  central  nervous  system  in 
cases  which  have  died  in  the  active  and  in  more  quiescent  stages  of  the  infec- 
tion are  given.  The  descriptions  are  illustrated  by  12  drawings.  The  author  is 
of  opinion  that  infective  encephalitis  is  pathologically  an  inflammation  of  the 
parenchyma  of  the  central  nervous  system,  complicated  by  a  secondary  small- 
celled  infiltration  of  the  vessels. 

"A  comparison  of  the  lesions  found  at  autopsy,  with  the  findings  in  cases 
of  dementia  paralytica,  sleeping  sickness,  rabies,  poliomyelitis,  the  Borna  disease 
of  horses  and  acute  multiple  sclerosis,  is  made  and  the  conclusion  reached  that 
infective  encephalitis  differs  from  all  these.  And,  finally,  it  is  stated  that  'the 
infective  polioencephalitis  lethargica  is  a  disease  wdiich  may  assume  an  epidemic 
form  (as  Nona,  as  the  Tubingen  sleeping  sickness,  and  perhaps  as  Morbus 
Guerlicr  and  as  in  Vienna)  just  as  can  poliomyelitis,  but  that  sporadic  cases  are 
ahvays  turning  up,  and  that  the  disease  is  due  to  the  earlier  described  diplo- 
streptococcus.' " 

We  learn  from  the  Lancet  of  January  11  that  the  disease  has  been  made  re- 
portable in  England.  A  recurrence  this  spring  is  predicted.  The  suggestion 
that  the  disease  might  be  due  to  food  infected  with  the  Bacillus  botulinus  has 
been  investigated  by  the  local  government  board  with  a  negative  conclusion. 
The  same  board  has  reached  the  decision  that  this  disease  is  not  anterior  polio- 
myelitis, but  is  a  disease  sui  generis  of  unknown  causation.  It  belongs  to  the 
class  of  polioencephalitic  diseases  which  are  inflammatory  in  nature,  but  the 
inquiry  has  not  yielded  any  conclusive  evidence  as  to  the  character  of  the  causal 
agent.  When  it  is  considered  that  the  organism  which  causes  the  analogous  dis- 
ease, poliomyelitis,  is  still  a  matter  for  debate,  although  thousands  of  cases  have 
been  investigated  from  the  bacteriologic  point  of  view,  it  is  not  surprising  that 
the  problem  of  the  causal  agent  of  encephalitis  lethargica  is  as  yet  unsolved. 

McNalty  suggests  that  the  relation  of  this  disease  to  anterior  poliomyelitis 
may  be  similar  to  that  of  paratyphoid  to  typhoid.  He  also  stresses  the  influence 
of  lowered  resistance,  due  to  war  conditions,  as  a  result  of  which  a  saprophytic 
organism   may   become   pathogenic.      According   to   James,   this   idea   is    further 
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strni,L;llicin(l  li\  llu-  uiilc-ly  scattered  and  sixuadic  i)rc\  alcncc  of  the  disease. 
Alariiu'seo  ami  M(liit(i>li  cnipliasi/c  tlir  similarity  of  the  lesifjns  with  those  of 
aiilrrior  ])()li(iin\  (.lilis,  (-].(•(  iaily  in  liic  cellular  infiltration  arr^und  the  smaller 
\ciiis  in  the  hasal  L;an,L;lia,  llic  \\\<\H-y  \>:[y[  of  llu-  pons,  ])articularly  in  the  gray 
matter  of  llic  lloor  (.1  llic  fiuirili  \  tiitriclr,  aiul  to  a  much  less  dc.^ree  in  the  me- 
dulla. I'.otli  faiK'(l  to  lind  c\  idcncc  of  a  si)eciric  (jrf^anism,  and  inoculations  of 
monkcNS  wxmc  without  t'itcct. 

On  May  5.  191S,  Xettcr  j;a\e  a  most  interesting  paper  on  this  disease  be- 
fore the  Paris  Academ}'  of  Medicine.  Abcnit  two  months  earlier  many  cases 
were  seen  in  the  hospitals  and  in  i)ri\ate  practice  in  Paris.  The  striking  symp- 
toms were  somnolence,  (lroo|)inj.(  of  the  u[jper  eyelids,  accompanied  by  mild 
fex'er.  Though  meningitis  was  the  hrst  diagnosis,  its  characteristic  symptoms, — 
Kernig's  sign,  rigidity  and  irregularity  of  the  pulse — were  wanting  or  in  doubt. 
lyumhar  puncture  yielded  normal  fluid  with  ncj  increased  pressure.  The  disease 
continued  for  weeks  and  about  50  per  cent  of  the  infected  individuals  died. 
IMacrosco|)ically  there  were  congestion  of  the  meninges  and  scattered  hemor- 
rhages in  both  the  gray  and  white  matter.  Microscopic  examination  showed 
cellular  inhltration,  especially  marked  about  the  blood  vessels.  The  lesions  were 
most  numerous  and  most  marked  in  the  medulla,  pons,  and  basal  nuclei  of  the 
brain.  Netter  regards  the  disease  as  an  encei)halitis  of  unknown  causation,  and 
recalls  the  fact  that  under  the  name  "Nona"  such  a  disease  was  reported  in  the 
spring  of  1890,  especially  in  Northern  Italy  and  Hungary,  but  here  and  there 
over  a  large  part  of  Europe.  As  early  as  1712  a  similar  disease  following  a 
pandemic  of  influenza  was  reported  in  Germany  and  locally  known  as  "Tubingen 
sleeping  sickness."  Recently,  this  disease  was  first  reported  at  Vienna  in  the 
winter  of  1916-17.  Netter  rejects  the  idea  that  this  disease  is  anterior  polio- 
myelitis. Lethargic  encephalitis,  he  says,  is  a  disease  of  winter  and  spring,  while 
anterior  poliomyelitis  prevails  in  summer.  The  former  is  much  more  common  in 
adults,  although  no  age  is  absolutely  exempt.  In  both,  interstitial  encephalitis  is 
found,  but  the  involvement  of  the  ganglionic  cells,  so  pronounced  in  poliomyelitis, 
is  slight  in  lethargic  encephalitis.  He  also  rejects  the  idea  that  it  is  a  form  of 
botulism,  because  if  this  were  the  case,  it  should  appear  among  those  who  eat  at 
the  same  mess,  whereas  multiple  cases  of  the  new  disease  in  the  same  household 
have  not  been  seen. 

Batton  and  Still  (Lancet.  London,  1918,  i,  636)  report  an  epidemic  stupor 
in  children.  The  report  covers  four  cases,  aged  three  and  one-half  months,  four, 
seven,  and  eleven  years.  The  stujior  developed  rapidly  without  convulsions, 
though  in  one  case  it  was  ])receded  by  a  listless  state.  All  were  brought  to  the 
hos])ilal  in  a  state  of  stupor  with  the  eyes  closed,  the  legs  extended,  and  the  arms 
sometimes  flexed,  sometimes  extended.  There  was  general  rigidity  of  the  mus- 
cles, but  the  limbs  could  be  placed  in  any  jxxsition  and  then  showed  a  tendency  to 
remain  where  placed — a  cataleptic  state.  Although  apparently  unconscious, 
they  could  be  aroused  and  then  they  slowly  responded  to  inquiries.  \\  hen  asked 
to  open  their  eyes  there  was  a  flickering  movement  through  the  muscles  before 
the  act  was  accomplished.  When  the  lids  were  lifted  passively,  the  eyes  were 
found  to  be  divergent.  All  swallowed  normally,  and  even  when  in  apparent 
stupor  took  readily  of  the  food  brought  to  their  lips.     The  babe  nursed  when 
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])lacccl  at  llie  mother's  breast.  At  first  there  was  a  slight  elevation  of  temper- 
ature, but  this  passed  in  a  few  days,  while  the  stupor  continued  for  weeks.  The 
respirations  were  normal  and  the  pulse  regular  except  in  one  case  which  showed 
some  irregularity.  The  reflexes,  both  superficial  and  deep,  were  normal.  The 
cerebrospinal  fluid  flowed  under  normal  pressure  and  revealed  no  abnormality. 
The  blood  showed  no  abnormal  condition,  and  the  Wassermann  test  was  negative. 
After  from  three  to  five  weeks  the  stuporous  condition  gradually  passed  away. 
No  two  of  the  children  wxre  from  the  same  family,  and  no  other  member  of  any 
of  the  families  presented  similar  symptoms.  The  babe  had  had  no  other  food 
than  that  drawn  from  its  mother's  breast,  and  so  far  as  could  be  determined,  she 
was  in  health.  An  anonymous  writer  (Lancet,  London,  L918,  i,  715)  comment- 
ing on  the  above  report,  thinks  that  the  cases  have  been  rei)orted  too  soon;  that 
the  children  will  not  fully  recover  l)ut  will  die  and  autcjpsy  will  show  either 
tuberculous  or  pneumococcal  meningitis. 

McCaw,  Perdran  and  Stibbing  (Lancet,  London,  1918,  i,  616)  report  six 
cases  under  the  diagnosis  of  toxic  bulbar  paralysis,  and  attribute  the  same  to  bot- 
ulism. These  cases  seem  to  difl:"er  in  some  details  from  those  reported  by  others. 
In  two,  the  spinal  fluid  flowed  with  increased  pressure.  In  one,  the  antemortem' 
temperature  reached  109.°  There  was  no  evidence  of  meningitis,  and  the  only 
detectable  lesion  was  slight  edema  with  some  congestion  of  the  floor  of  the  fourth 
ventricle.  The  same  condition  is  reported  in  the  three  fatal  cases.  Microscopic 
studies  had  not  been  made  at  the  time  of  the  publication  of  the  report. 

Harris  (Lancet,  London,  1918,  i,  568)  under  the  diagnosis  of  botulism  re- 
ports six  cases.  One  of  these  was  most  probably  a  case  of  true  botulism.  This 
man  ate  sausage  in  the  morning  and  lobster  for  lunch  and  spent  the  night  in 
vomiting.  After  this  he  w^as  drowsy,  developed  bilateral  ptosis  with  divergent 
strabismus,  inability  to  swallow^  and  retention  of  urine.  An  organism  "resem- 
bling the  Bacillus  botulinus"  was  found  in  the  stools  and  urine. 

The  first  official  report  of  this  disease  in  England  seems  to  have  been  made 
January  26,  1918.  Most  of  the  cases  so  far  reported  have  been  in  London,  but 
there  have  been  cases  scattered  all  over  England  and  Wales.  In  only  one  in- 
stance have  there  been  two  cases,  and  one  of  these  was  mild  and  of  doubtful 
diagnosis,  in  the  same  family. 

Porthier  (Jour.  Am.  Med.  Assn.,  1919,  Ixxii,  715)  reports  eight  cases  of 
this  disease  from  Camp  Lee  in  Virginia,  with  one  death.  In  the  fatal  case 
autopsy  showed  no  marked  abnormality  in  the  cord.  In  the  brain,  the  following 
is  a  statement  of  the  findings : 

"On  section  of  the  hemispheres,  the  centrum  ovale  presented  dilatation  of 
the  blood  vessels,  which  appeared  as  small,  punctate  bodies  throughout  the  sur- 
f-ace. On  inspection,  the  corpus  callosum  appeared  normal ;  but  on  attempt  to 
section,  it  was  found  to  be  soft  and  mushy.  All  the  tissues  of  the  lateral  ven- 
tricles were  soft.  The  optic  thalamus  was  softened.  The  velum  interpositum 
and  the  chorioid  plexus  presented  the  same  condition  as  the  vessels  of  the  sur- 
face of  the  brain;  that  is,  the  vessels  were  prominent,  tortuous  and  arborescent. 
There  was  no  excess  of  fluid  in  the  ventricles,  but  all  the  tissues  surrounding 
them  were  softened,  the  brain  substance  as  well  as  the  tissues  of  the  floor.  The 
third  ventricle  presented  nothing  of  note,  except  general  softening  of  the  tis- 
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sues  of  llu-  floor.  The  pineal  f^Iaiul  was  swollen.  The  iter  a  tertio  ad  f|uartum 
was  patulous.  (  )n  section  of  the  hasal  j.(anf(lions  a  small  licmorrhaf^ic  spot  was 
found  in  the  li^ht  hcnii^phcie  iinnic-diatcly  adjoining  the  internal  capsule.  This 
spot  was  alioul  1  nun.  in  diameter.  On  the  left  side,  the  hasal  fjanj^iions  pre- 
sented nolliin.!;  of  noic.  .\nteroposterior  sections  throuj^h  the  hcmispiicrcs  pre- 
sented nothing-  of  noti'.  Sections  through  the  cerebellum  presented  nothinj^  of 
note.  There  was,  howcNcr,  a  universal  softeninj:^  of  the  brain  tissue  which 
made  it  very  Iiard  to  section  without  destroying  it  in  the  attempt.  After  section- 
ing, the  or^an  was  ai)parenlly  collai)Scd,  and  there  was  no  possibility  of  returning 
the  sectiont'd  portion  liack  to  the  former  relation  on  account  of  this  softening." 

The  several  patients  came  from  widely  sei)arat{;(l  organizations  in  the  camp. 
The  chief  symptoms  were  vertigo,  diplopia,  headache,  slight  fever,  and  the  spinal 
tluid  showed  a  definite  pleocytosis  (from  20  lo  66  cells)  of  the  lymphocytic  type. 

\\'ilson  (Lancet,  lyondon,  July  6,  1918)  states  that  the  general  symptoms 
arc  a|)athy,  letharg}-,  drowsiness,  and  absence  of  initiative.  In  some  instances 
there  ma\-  be  marked  restlessness,  alternating  with  profound  indifference.  De- 
lusions and  hallucinations  may  be  manifest.  The  temperature  may  be  either 
above  or  below  normal.  Paralysis  of  accommodation  with  indistinct  vision 
is  an  early  symptom.  Tlie  drooping  of  the  eyelids  may  be  bilateral  or  unilateral. 
The  facies  is  often  expressionless  with  obliteration  of  the  lines  on  account  of  a 
bilateral  paralysis.  The  affection  of  the  cranial  nerves  is  motor,  and  not  sen- 
sory. Rarely  the  limbs  are  involved,  but  this  is  due  to  disturbance  in  the  cortical 
paths  and  not  to  invasion  or  involvement  of  the  cord.  The  spinal  fluid  is  usually 
normal  and  pleocytosis  is  the  exception  and  occurs  only  when  the  meninges  are 
involved.  This  author  gives  the  points  of  differentiation  from  poliomyelitis, 
some  of  which  are  as  follows : 

1.  In  the  latter  disease,  the  lethargic  element  is  -wanting. 

2.  Lethargic  encephalitis  is  most  frequent  in  winter;  poliomyelitis  in  sum- 
mer. 

3.  The  former  is  more  common  in  adults;  the  latter,  in  children. 

4.  In  encephalitis  lethargica  the  spinal  fluid  is  normal. 

5.  Meningeal  symptoms  are  more  frequent  in  poliomyelitis. 

6.  Two  or  more  cases  in  the  same  family  have  not  been  seen  in  lethargic 
encephalitis  but  is  a  common  observation  in  poliomyelitis. 

In  botulism  there  are  no  inflammatory  lesions  in  the  brain.  This  is  an  ana- 
tomic condition,  and  of  course  can  be  discerned  only  at  autopsy.  Drooping  of 
the  eyelids  is  the  most  common  sign  in  encephalitis  lethargica  and  is  present  in 
at  least  75  per  cent  of  the  cases. 

McNalty  distinguishes  seven  types  of  the  disease.     These  are  as  follows: 

1.  The  aft'ection  is  limited  to  the  third  pair  of  cranial  nerves. 

2.  The  brain  stem  and  the  bulb  are  involved. 

3.  The  chief  affection  is  in  the  long  tracts. 

4.  There  is  an  ataxic  type. 

5.  The  cerebral  cortex  is  the  chief  center  of  the  involvement. 

6.  There  may  be  signs  and  e\idence  of  spinal  cord  involvement. 

7.  The  polyneuritic  type. 
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In  Ei\e:l:uKl  (luring  the  spring  of  1918,  there  were  168  officially  reported 
cases,  with  3)7  deaths.  The  disease  seems  to  have  disappeared  in  June,  1918,  but 
reappeared  in  the  f.'ill  of  that  year. 

It  must  be  evident  that  the  time  has  not  come  when  anything  but  tentative 
statements  can  be  made  Cf)ncerning  tliis  disease.  From  the  literature,  we  gather 
that  it  is  a  disease  ]irincipally  iuNoKing  the  Itrain  itself;  that  there  is  in  many 
cases  more  or  less  involvement  of  the  meninges  but  this  is  not  prominent.  In 
no  case  is  the  cord  involved.  The  stupor  is  partly  apparent  and  partly  real.  The 
real  stupor  is  due  to  the  cerebral  iinohement.  The  apparent  stupor  is  due  to 
partial  paralysis  of  the  motor  nerves  employed  in  lifting  the  upper  eyelids.  Coma 
is  not  a  symptom  of  the  disease. 

It  is  more  than  jn-obable  that  a  great  variety  of  conditions  will  be  reported 
as  encephalitis  lethargica.  Already  it  has  come  to  my  knowledge  that  claims 
are  being  made  for  special  treatment  in  this  disease  by  persons  who  have  never 
seen  it.  Only  a  few  days  ago,  a  masseur  wrote  that  she  had  frequently  treated 
this  disease  with  the  best  results  in  the  southern  states,  and  that  it  had  followed 
typhoid  fever.  There  is  no  authentic  case  on  record  in  which  this  disease  has 
followed  typhoid.  Is  it  a  sequela  to  influenza?  The  only  reason,  and  it  is  a  good 
one,  for  suspecting  that  such  is  the  case  is  that  in  the  past  it  has  followed  a  pan- 
demic of  influenza.  To  say  that  one  has  not  had  influenza  does  not  mean  that 
influenza  is  not  an  essential  forerunner  of  the  disease.  Most  people  who  have 
lived  through  epidemics  of  influenza,  even  when  there  has  been  no  recognizable 
appearance  of  the  disease  in  them,  have  acquired  at  least  a  temporary  immunity 
to  influenza.  The  natural  conclusion  to  draw  from  this  is  that  in  a  large  number 
— indeed  in  the  majority  of  people  in  the  midst  of  an  epidemic  of  influenza — 
the  virus  aft'ects  the  people  sufficiently  to  give  a  temporary  immunity,  and  it  may 
be  that  the  virus  of  influenza  without  causing  recognizable  acute  symptoms  may 
after  weeks  or  months  produce  the  changes  in  the  brain  observed  in  encephalitis 
lethargica. 
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fc'\cr  ill  main',  i  l'  iml  in  all,  of  llie  ami}-  and  navy  cantonments  was  a  source 
of  considerable  apprelu-iision  for  all  concerned.  Long  before  the  discovery  of 
the  menini^ococcus,  epidemic  meningitis  was  known  to  be  a  serious  menace  to  the 
armed  camp.     It  was  dreaded  especially  in  cami^s  of  new,  unseasoned  recruits. 

True  to  form,  meningitis  appeared  in  the  European  armies  promptly  after 
their  mobilization  in  the  present  war.  It  became  a  very  serious  problem  in  some 
of  them.  Medical  ofticers  predicted  with  certainty  that  the  disease  would  appear 
in  our  own  forces,  which  it  did  just  as  soon  as  any  considerable  number  of  re- 
cruits were  assembled  in  close  ciuarters.  It  could  not  be  foretold  how  extensively 
or  how  rajndly  the  disease  would  spread  within  camps,  nor  was  it  known  whether 
an  epidemic  could  be  thwarted  or  controlled  among  such  large  numbers. 

According  to  a  report  of  communicable  diseases  in  the  army  by  Vaughan 
and  Palmer,^  Camp  Jackson,  South  Carolina,  Camp  Beauregard,  Louisiana,  and 
Camp  Funston,  Kansas,  suffered  most  heavily  among  the  army  camps,  from  men- 
ingitis (all  forms  were  included  in  their  report.)  I  was  stationed  at  Camp 
Funston  during  the  months  of  November,  December,  1917,  and  January,  1918, 
and  can  certify  that  the  epidemic  of  meningitis  there  was,  next  to  pneumonia, 
the  most  serious  medical  problem  of  the  camp.  On  account  of  quarantine,  isola- 
tion of  carriers,  and  sanitary  measures  instituted  against  the  spread  of  the  epi- 
demic, it  caused  a  much  greater  dislocation  of  training  activities  than  did  pneu- 
monia. 

Early  in  February,  1918,  Camp  Cody  seemed  to  be  threatened  with  a  similar 
experience.  Two  cases  of  meningococcus  meningitis  had  developed  in  December, 
1917,  and  three  in  January,  1918.  Four  cases  developed  during  the  first  ten  days 
of  February.  During  January  some  troops  were  transferred  here  from  Camp 
Fvmston  where  the  percentage  of  carriers  had  been  found  to  be  high.  Another 
factor  deserving  consideration  at  that  time,  was  the  question  of  the  influence  of 
the  sand  and  dust  storms  which  are  prevalent  at  this  camp  during  the  winter  and 
spring.  Many  cases  of  chronic,  low-grade  rhinitis  and  pharyngitis  were  at- 
tributed to  this  cause,  and  that  such  a  condition  of  the  nasopharyngeal  mucosse 
might  fa\or  the  growth  of  meningococci  was  regarded  as  a  possibility.  The 
combination  of  these  various  circumstances  was  somewhat  alarming. 

nUARAXTiXE   MEASURES 

Realizing  the  possil)ility  of  a  serious  outbreak,  stringent  measures  were 
taken  to  safeguard  the  command  against  the  sj)rcad  of  the  disease.  Organization 
surgeons  were  directed  to  be  on  the  alert  for  symptoms,  however  mild,  of  men- 
ingitis, attention  being  called  to  the  extreme  importance  of  early  diagnosis  and 


*Piiblished   by   permission   of   the   Surgeon    General,   U.    S.   .\rmy,   Washington,   D.    C. 


388  THE    JOURNAL    01-"    LABORATORY    AND    CIJNICAL    MKDICIXE 

trcatnu-nt.  In  order  to  unify  the  preventive  measures,  a  circular  letter  was  sent 
to  each  surgecjii,  setting  forth  both  general  and  specific  directions  to  be  followed 
regarding  quarantine,  reports,  and  tlic  culturing  of  organizations  for  the  detec- 
tion of  carriers.  The  following  extract  from  the  letter  of  instruction  indicates 
the  specific  procedure  to  be  follow  ed  in  organizations  dexeloping  a  case  of  menin- 
gitis: 

1.  Strict  quarantine  will  be  maintained  until  the  company  or  unit  is  released 
by  a  report  of  cultures  for  carriers. 

2.  The  contact  squad  will  be  confined  under  guard  during  the  time,  and  food 
brought  to  it. 

3.  In  order  to  sun  and  air  clothing  and  bedding,  tents  will  be  furled  every 
day,  weather  permitting,  from  8:00  a.m  to  4:00  p.^r.. 

4.  The  equi[)ment  and  effects  of  meningitis  patients  and  carriers  will  be 
sterilized,  and  the  premises  scrubbed  with  antiseptics. 

5.  \\'ashing  of  hands  before  meals  will  be  done  under  military  supervision. 

6.  Each  man  will  immerse  his  eating  utensils  in  boiling  water  both  before 
and  after  meals. 

7.  Paper  napkins  will  be  used  in  place  of  handkerchiefs  and  will  be  burned 
as  soon  as  soiled. 

8.  Wash  and  boil  all  soiled  linen  at  once. 

9.  Avoid  all  indoor  meetings. 

10.  Medical  officers  will  assemble  companies  in  the  streets  and  talk  to  them 
emphasizing  the  fact  that  the  disease  is  spread  by  carriers  by  means  of  coughing, 
sneezing,  spitting  and  the  use  of  articles  in  common. 

11.  The  following  articles  are  often  used  by  soldiers  promiscuously:  roller 
and  hand  towels,  soap,  brushes  and  combs,  canteens,  drinking  cups,  pipes, 
wdiistles,  musical  instruments,  playing  cards  and  dice. 

12.  The  interchanging  of  clothing  or  sleeping  upon  the  cots  of  others  is  for- 
bidden. 

AMiile  the  above  measures  were  regarded  as  being  important,  yet  it  was 
fully  realized  that  the  greatest  hope  of  preventing  an  epidemic  of  meningitis  lay  in 
the  detection  and  elimination  of  carriers.  So  far  as  is  known,  the  meningococcus 
gains  entrance  to  the  body  through  the  nasopharyngeal  mucosce.  It  escapes  with 
the  secretions  and  excretions  from  the  nose  and  mouth.  Consequently,  the  bac- 
teriologic  control  of  an  epidemic  centers  upon  these  membranes. - 

PRACTICAL  DIFFICULTIES  OF  AN  EXTENSIVE  SURVEY 

Theoretically,  the  detection  of  all  meningococcus  carriers,  in  a  military  or- 
ganization of  limited  size  is  quite  feasible.  Practically,  it  is  a  difficult  undertak- 
ing in  a  large  army  cantonment.  For  instance,  a  well-trained  bacteriologist  with 
a  corps  of  experienced  technicians  and  a  thoroughly  well  equipped  laboratory 
should  be  able  to  detect  and  control,  with  a  considerable  degree  of  accuracy,  the 
meningococcus  carriers  in  a  unit  numbering  1,000.  Frequent  reculturing  of  the 
entire  unit  is,  in  my  opinion,  essential.  Suspicious  or  actual  carriers  should  be 
isolated.  Cultures  should  be  taken  from  carriers  daily  until  at  least  five  consec- 
utive negatives  have  been  obtained  before  they  return  to  the  unit.  These  individ- 
uals should  thereafter  have  cultures  made  at  least  once  each  week. 
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vS\\al)l)iiij^'s  sliiiiild  \,v  made  from  the  anterior  nares  by  means  of  a  nasal  spec- 
ulum and  cotloii-liiiped  a|)i)licators ;  also  from  the  nasopharynx  by  means  of 
West  tubes.  Cultures  should  be  made  in  a  warm  room,  carefully  spread  over 
warm  culture  plates,  and  placed  at  (jnce  in  an  incubator.  Every  known  refine- 
ment in  technic,  from  the  making  of  culture  medium  to  the  last  step  in  identify- 
ing organisms  by  well  controlled  agglutination  tests,  should  be  practiced.  Sev- 
eral plates  inoculated  with  recently  isolated  strains  of  meningococci  Ton  account 
of  their  weak  viability  in  contrast  to  that  of  old  cultures)  should  be  incubated  with 
each  batch  of  plates  to  serve  as  controls  of  the  medium,  incubation,  identification 
of  colonies,  staining  and  agglutination.  The  drudger)-  incident  to  such  routine 
and  detail  should  never  be  allowed  to  cause  relaxation  of  effort.  Eternal  vigi- 
lance under  ideal  conditions  is  the  price  of  freedom  from  meningocfjccus  carriers. 

Such  conditions  are  almost  impossible  to  attain  in  a  large  army  cantonment 
numbering  upward  of  20,000  individuals.  The  taking  of  cultures  is  a  time-con- 
suming process.  Naturally,  it  interferes  w4th  the  already  crowded  schedule  of 
military  training,  which  is  the  primary  and  most  important  function  of  the  camp. 
Even  with  the  hearty  cooperation  of  commanding  officers  it  is  often  not  possible 
to  culture  an  entire  unit.  Some  members  are  usually  on  sick  report,  on  furlough, 
or  on  special  detail  from  which  their  services  can  not  be  spared.  The  result  is 
that  there  are  usually  several  soldiers  in  each  company  from  whom  cultures  are 
not  obtained,  and  any  one  of  these  may  be  a  carrier.  The  transfer  of  enlisted 
men  from  one  unit  to  another,  which  is  unavoidable  at  times ;  also  the  introduc- 
tion of  recruits  from  other  camps  to  organizations  which  have  been  cultured, 
make  it  necessary  to  culture  "stragglers"  at  odd  times.  But  in  any  case  the  sys- 
tem is  not  "air-tight." 

To  repeat :  a  large,  well-trained,  highly  efficient  laborator)^  force  is  essential 
to  such  an  undertaking.  East  winter  it  was  impossible  to  supply  such  a  force  to 
each  camp. 

Notwithstanding  these  and  other  minor  factors  which  militated  against  a  per- 
fect survey,  it  was  decided  to  make  the  best  use  of  all  available  means  to  culture 
the  entire  personnel  of  the  camp,  hoping  thereby  to  eliminate  most  of  the  carriers. 
A  contact  camp  was  established  for  the  isolation  and  treatment  of  carriers.  The 
culturing  of  organizations,  in  which  cases  of  meningitis  had  developed,  was  be- 
gun February  6,  1918,  wath  others  following  as  rapidly  as  possible. 

For  two  good  reasons  it  was  considered  advisable  to  take  all  cultures  in  the 
laboratory,  rather  than  in  the  camp,  as  had  been  the  practice  at  Camp  Funston. 
The  short  distance  between  the  camp  and  the  hospital  rendered  it  possible  to 
march  soldiers  to  the  hospital  with  but  little  loss  of  time.  The  culture  plates 
could,  with  greater  certainty,  be  kept  warm,  and  free  from  contamination.  (The 
latter  had  always  been  a  vexing  problem  in  this  camp  on  account  of  the  sand 
stoiTns.)  Nasopharyngeal  cultures,  by  means  of  West  tubes,  were  taken  by  a 
medical  officer  with  the  help  of  a  clerk  and  technician.  In  a  short  time,  this  team 
became  very  efficient  so  that  as  many  as  900  cultures  could  be  taken  in  a  morning, 
although  a  daily  average  of  from  500  to  600  cultures  was  found  to  be  the 
optimum. 
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TECH  NIC 

The  laboratory  tcclinic  followed  was  essentially  that  laid  down  at  the  Rocke- 
feller Institute.  Veal  infusion  2.5  per  cent  agar,  adjusted  to  a  reaction  of 
-|-0.v^  ])henol|)hthalein,  was  prepared  in  large  quantities,  autoclaved  and 
stored  in  bottles  containing  al)out  300  c.c.  As  many  of  these  as  were  required 
for  the  day's  work  were  melted,  20  c.c.  of  sterile  20  per  cent  dextrose  solution 
added,  and  cooled  to  50  degrees  C.  To  this  was  added  80  c.c.  of  laked  blood, 
prepared  by  adding  20  c.c.  of  defibrinated  human  blood  to  60  c.c.  of  distilled 
water.  In  bulk  this  medium  was  a  clear,  cherry  red  color.  From  8  to  10  c.c. 
quantities  were  poured  into  sterile  Petri  dishes,  care  being  taken  to  tilt  and  shake 
the  dish  immediately  after  pouring,  so  that  an  even  film  of  medium  2  to  3  mm. 
thick,  covered  the  bottom.  To  insure  sterility,  the  plates  were  incubated  twenty- 
four  hours  before  use. 

During  the  culturing  process,  the  plates  were  removed  from  one  incubator, 
inoculated,  labeled  and  immediately  placed  in  another  incubator.  After  tw^enty  to 
twenty-four  hours  incubation  they  were  examined  for  meningococcus  colonies. 
Suspicious  colonies  were  circled  with  a  wax  pencil.  Where  the  colony  was  large 
enough  a  part  of  it  was  "fished,"  spread  on  a  slide,  stained,  and  examined  in  or- 
der to  determine,  at  once,  the  Gram  reaction  of  the  organism.  This  could  be 
done  rapidly  by  placing  from  16  to  24  colony-specimens  on  a  slide  in  order  to 
stain  all  of  them  at  once.  In  this  way,  colonies  in  which  no  Gram-negative  cocci 
appeared  could  be  safely  discarded.  Veiy  small  colonies,  and  those  showing 
Gram-negative  cocci  were  transplanted  to  serum  (human  or  horse)  dextrose  agar 
slants.  After  tw^enty-four  hours'  incubation,  the  surface  of  these  slants  was 
w^ashed  down  with  0.8  per  cent  salt  solution  and  suspension  made  for  the  ag- 
glutination tests,  x^t  this  point  it  may  be  well  to  emphasize  the  observation 
wdiich  has  been  made  regarding  the  peculiar  tendency  of  pure  meningococcic  cul- 
tures to  form  a  very  fine  suspension  with  very  little  agitation.  Cultures  of  other 
organisms,  especially  cocci,  required  a  great  deal  more  shaking  in  order  to  get 
anything  like  a  fine,  even  suspension.  The  agglutination  tests  w-ere  carried  out  in 
small  serologic  test  tubes,  at  a  temperature  of  55°  for  twenty  to  tw^enty-four 
hours,  using  1  :50  and  1  :200  dilutions  of  both  Rockefeller  polyvalent  and  New 
York  State  Board  immune  sera,  and  controlled  by  normal  horse  serum  and  salt 
solution.  It  was  found  very  helpful  in  the  final  decision  as  to  whether  an  organ- 
ism was  the  meningococcus  or  not,  to  refer  to  a  table  in  which  the  following 
points  were  noted :  character  of  the  colony.  Gram  reaction,  morphology  emulsify- 
ing properties,  and  agglutination  reaction.  It  is  believed  that  many  false  posi- 
tives were  in  this  way  avoided. 

Throughout  the  survey,  all  records  and  data  were  kept  by  a  system  of  dates 
and  numbers.  The  date  was  written  on  the  cover  of  the  Petri  dish ;  the  num- 
bers of  the  cultures  on  the  bottom.  For  instance,  2/15 — 10  meant  the  tenth 
culture  taken  February  15.  This  culture  could  be  identified  only  by  reference 
to  the  roster  in  which  was  recorded  the  soldier's  name  and  organization.  In  this 
way,  reports  were  made  without  any  reference  to  organization.  It  is  interesting 
to  note  in  Table  I,  showing  the  final  reports  by  organization,  the  fairly  uniform 
percentage  of  carriers. 
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Till.  Xi Miu.K  oi-  C'li/n'R-'S,  Cakrikrs,  Pkrckntagk  or  Cakkikrs  anh  Xi;mhi-.r  of 
Casks  by  Organizations 


NUMUKR   Ol- 
ORCA.VIZATIOX 

CUI.rHRKS 

NU.MHKR   OF 
CAKRIKRS 

I'KR    CKNT   OF 
CARRll-RS 

TOTAL 
MMIiKR 
OF   CASES 

NL'MBKR   OP 

CASKS    I.V 
FKH.,    1918 

133  infantry 

2,038 

37 

1.81 

2 

1 

134  Infantry 

2,541 

33 

1.29 

1 

1 

135  Infantry 

2,665 

29 

1.08 

2 

2 

136  Infantry 

2,921 

38 

1.30 

3 

2 

125   Field   Artillrrv 

1,021 

10 

0.97 

1 

1 

126  Field  Artillery 

1.254 

10 

0.79 

1 

1 

127  Field  Artillery 

1,197 

13 

1.08 

1 

- 

126  Machine  Gun    Bn. 

648 

10 

1.54 

2 

2 

127  Alachine  Oun   Bn. 

635 

4 

0.62 

1 

1 

109  Engineer    Train 

583 

9 

1.54 

- 

- 

109  Ammunition  Train 

880 

12 

1.36 

- 

- 

109  Sanitary  Train 

793 

5 

0.63 

1 

- 

109  Supply   Train 

244 

8 

3.27 

1 

- 

109  Field    Signal    Bn. 

408 

4 

0.98 

- 

- 

Base  Hospital 

Med.    Det. 

382 

5 

1.30 

- 

_ 

Diyision    Stockade 

103 

2 

1.94 

- 

- 

Recruits 

530 

9 

1.69 

- 

- 

^liscellaneous,  includ- 

ing small  organ- 

izations, "strag- 

glers," ciyilians, 

etc. 

1,365 

21 

259 

1.53 
1.28 

16 

- 

20,208 

11 

(Ayerage) 

carrie;rs 

'J'he  percentage  of  carriers  in  tlie  total  of  20,208  cultures  (representing  be- 
tween 90  and  95  per  cent  of  the  strength  of  the  command)  was  1.28  per  cent. 

Carriers  were  sent,  immediately  after  their  detection,  to  the  Isolation  Camp, 
which  was  in  charge  of  a  medical  officer,  and  where  strict  attention  was  given 
to  personal  and  camp  hygiene.  Each  carrier  received  a  nasophar\'ngeal  spray 
of  2  per  cent  dichloramine-T  oil  four  times  daily,  and  was  sent  to  the  laborator)^ 
every  fourth  day  for  reculturing.  The  carrier  was  allowed  to  return  to  his 
res])ective  unit  when  three  consecutive  negati\e  cultures  had  been  obtained. 

Table  II 

Shows  tiik  Xumhkr  of  Days  ix  Isolation  Required  to  Gkt  Three  Xeg.vtive  Cl-ltures 

AT  Four-Day  Intervals 


■  '  Over 

12  days       16  days      20  days      24  da>-s      28  days      32  days      36  days      40  days      40  days 

'      4  6  7  7  4  5 


171 


18 


14 


The  reculture  records  of  236  of  the  259  carriers  are  complete.  Table  II 
shows  the  number  of  days  in  isolation  required  to  get  three  negative  cultures  at 
four-day  intervals.  It  docs  not.  however,  represent  the  actual  carried  period, 
since  all  carriers  wore  held  twehe  days  after  the  last  positive  culture.     In  many 
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instances  a  positive  culture  would  he  found  after  1  or  2  negatives.  Of  a  total 
of  1,161  cultures  from  the  Isolation  Camp,  89  or  7.6  per  cent  were  positive,  which 
was  six  times  that  of  the  camp. 

cases 

As  stated  before,  two  cases  of  epidemic  meningitis  occurred  in  December, 
1917,  and  three  in  January,  1918;  two  of  the  five  terminating  fatally.  During 
February,  seventeen  cases  were  admitted  to  the  Base  Hospital  with  a  tentative 
diagnosis  of  epidemic  meningitis.  In  five  of  these  the  spinal  fluid  findings  did 
not  substantiate  the  diagnosis  of  meningitis.  Of  the  remaining  twelve,  one 
proved  to  be  a  streptococcic  meningitis  following  otitis  media.  Eleven  were  re- 
garded as  epidemic  meningitis,  and  so  treated,  although  the  meningococcus  was 
found  in  but  eight.    The  organism  was  recovered  from  blood  culture  in  one  case. 

Clinically,  these  cases  as  a  group  presented  nothing  very  remarkable.  Two 
were  very  severe,  the  others,  if  anything,  rather  mild.  Erythematous  spots  were 
observed  in  but  one  case  although  carefully  watched  for  in  all.  None  of  the  cases 
of  this  series  died.  Regarding  the  ultimate  miHtary  disposition,  one  patient  was 
discharged  from  the  army  upon  a  surgeon's  certificate  of  disability.  Two  others 
were  transferred  to  another  hospital ;  eight  were  returned  to  duty. 

The  specific  treatment,  to  which  a  very  great  measure  of  the  credit  is  due, 
consisted  of  both  intraspinal  and  intravenous  administrations  of  antimeningo- 
coccic serum.  Both  the  Rockefeller  polyvalent  and  New  York  State  Board  sera 
were  used.  Large  doses  were  given  as  often  as  four  times  in  twenty-four  hours, 
although  twice  a  day  was  the  rule. 

REPORT  oE  A  case 

One  case  is  worthy  of  mention,  chiefly  on  account  of  the  complications  and 
sequelae  which  developed : 

Case  I.  Wagoner  E.  L.  B.,  126  M.  G.  Bn.,  was  admitted  to  the  Base  Hospital,  February 
7,  1918,  complaining  of  general  bodily  aching,  chills,  and  severe  headache.  Ten  c.c.  of  clear 
cerebrospinal  fluid,  under  slightly  increased  pressure,  were  withdrawn.  After  a  long  search, 
several  Gram-negative,  extracellular,  diplococci  were  found  in  the  centrifuged  sediment. 
Another  specimen  taken  the  following  day,  was  very  turbid,  and  contained  numerous  pus 
cells  and  meningococci.  A  blood  culture  made  the  same  day  (February  8)  revealed  the 
same  organism.  The  spinal  fluid  remained  turbid  until  February  27.  though  no  organisms 
were  found  after  February  12. 

Clinically,  the  case  was  regarded  as  being  serious  from  the  onset.  Small  erythematous 
spots  were  noted  the  second  day.  The  patient  was  given  60  c.c.  doses  of  antimeningococcic 
serum  intravenously,  and  30  c.c.  doses  intraspinally,  as  often  as  four  times  in  twenty-four 
hours. 

February  16,  the  acute  symptoms  of  meningitis  were  greatly  improved ;  recovery  was 
expected.  Suddenly  on  this  date  the  patient's  temperature  rose ;  his  pulse,  previotisly  slow, 
became  rapid  and  very  irregular ;  his  lips  and  fingers  were  cyanotic.  Altogether,  his  condi- 
tion became  more  desperate  than  it  had  been  at  any  time.  A  diagnosis  of  acute  endocarditis 
was  made,  and  death  momentarily  expected.  A  danger  card  was  sent  from  the  ward,  which 
remained  eiTective  several  weeks.  During  this  time  a  bilateral  convergent  strabismus,  which 
began  during  the  first  week  of  illness,  became  marked ;  also  a  partial  paralysis  of  the  right 
arm  and  leg  developed. 

March  1,  a  catheterized  specimen  of  urine  was  found  to  contain  blood,  a  large  amount 
of  albumin,  granular  casts,  and  a  few  clumps  of  pus  cells.  No  bacteria  were  found  at  this 
time.  Infarction  of  the  kidney  and  ulcerative  pyelonephritis  were  thought  of,  but  at  that 
time,  the  patient  was  too  sick  for  ureteral  catheterization.  The  bladder  had  to  be  catheter- 
ized frequently  to  relieve  retention.  Later  the  bladder  became  very  irritable  and  would  hold 
but  two  ounces  of  urine  without  overflow. 
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W'licii  his  cuiiditiuii  iinprovcd  siinirinilly,  the  ureters  wore  cathcterizcd,  and  specimens 
from  both  kidiuys  sent  to  tlic  laljoratory  for  hactirioloKic  examination.  A  direct  smear 
of  the  sedinunt  revealed  many  erythrocytes  and  small  clumps  of  pus  cells.  One  was  sur- 
prised to  Inul  many  of  the  latter  containing  as  many  as  5  or  6  Gram-negative  dii)lococci 
strikingly  similar  to  the  meningococci.  Cultures  were  inoculated,  upon  which  appeared 
numerous  soft,  clear,  refractile  colonies,  1  to  3  millimeters  in  diameter.  These  colonies 
emulsified  very  readily  in  0.8  per  cent  salt  solution  and  the  organisms  were  agglutinated  by 
polyvalent  antimeningococcic  serum  (Rockefeller^  in  dilutions  up  to  1:300.  Type  differ- 
entiation, by  any  of  the  sera  on  hand  at  the  time,  was  unsatisfactory,  although  known  con- 
trols at  this  time  were  not  entirely  satisfactory. 

The  patient  gradually  recovered  the  use  of  his  arm  and  leg,  and  the  strabismus  im- 
proved. His  general  condition  improved  rapidly  during  his  last  three  weeks  in  the  hospital. 
He  was  discharged,  upon  a  surgeon's  ccrtiiicatc,  July  30,  after  a  stay  of  159  days  in  the  hos- 
pital. The  case  is  regarded  as  one  of  meningococcic  septicemia,  with  localization  in  the 
heart  and  kidneys  as  well  as  meninges. 

Rl'IDIv.MIOUOGY 

There  are  certain  outstaiKlini,^  features  bearing  upon  the  epidemiology  of 
cerebrospinal  fever  to  wliich  some  reference,  at  least,  should  be  made.  Questions 
have  been  raised  many  times,  relative  to  the  influence  on  the  spread  of  the  disease, 
of  climatic  conditions  and  of  lowered  bodily  resistance  resulting  from  fatigue 
and  exposure.  It  has  been  contended  that  cold,  wet  weather  is  a  very  responsible 
factor,  and  it  is  true  that  many  more  cases  of  meningitis  develop  during  the 
winter  and  spring  months  than  at  other  times  of  the  year.  The  evidence  against 
lowered  resistance,  a  term  rather  loosely  employed,  is  much  less  convincing.  For 
instance,  one  seldom  sees  meningococcic  meningitis  as  a  complication  or  se- 
quela of  a  long,  wasting  illness,  or  following  general  debility.  It  attacks,  much 
more  commonly,  the  apparently  hcaltliful,  robust,  young  individual.  The  low- 
ered resistance  of  the  nasopharyngeal  mucoscc  due  to  inflammation  thereof  is 
much  more  likely  to  be  a  predisposing  factor  to  infection  by  the  meningococcus 
than  is  general  bodily  debility. 

Although  cerebrospinal  fever  is  classed  among  the  highly  contagious  dis- 
eases, and  greatly  feared  as  such,  yet  the  development  of  consecutive  cases  does 
not  warrant  or  confirm  such  belief.  At  least,  as  Frost^  says,  the  disease  "does 
not  present  the  epidemioUjgic  characteristics  which  we  are  accustomed  to  associ- 
ate with  a  contagious  disease.  Even  in  carefully  studied  epidemics  it  is  the  ex- 
ception ratlicr  than  the  rule  to  And  any  direct  or  even  traceable  indirect  contact  be- 
tween cases."  The  latter  statement  applies  to  our  efforts  at  Camp  Cody,  which 
were  fruitless,  to  trace  contact  between  cases,  although  it  was  possible  in  six  in- 
stances to  establish  the  probability  of  fairly  direct  contact  between  cases  and 
carriers. 

A  full  authoritati\e  discussion  of  these  important  questions  requires  refer- 
ence to  more  medical  literature  than  I  have  access  to,  at  present,  and  is  hardly 
within  the  proxince  of  this  report.  It  will  be  sufficient  to  indicate  their  applica- 
tion particularly  to  this  camp. 

Expressed  briefly,  climatic  conditions  at  Cam])  Cody  may  be  summed  up 
in  the  words  "high  and  dry."'  The  altitude  is  approximately  4,500  feet,  and  an 
hour  rain  or  snowl'all  during  the  winter  or  spring  seldom  occurs.  The  winter 
nights  are  noticeably  cold,  though  the  thermometer  seldom  registers  below  zero, 
F.  The  sun  shines  brightly  nearly  every  day.  Violent  sand  storms,  sometimes 
lasting  a  day,  or  several  days,  are  very  prevalent  during  the  winter  and  spring 
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months,  and,  as  stated  previously,  were  undoubtedly  the  cause  of  a  great  deal  of 
naso]~)liaryngitis. 

Tn  order  to  bring  out  the  true  relationship  of  the  latter  to  the  incidence  of 
meningitis  it  should  be  stated  that  the  sand  storms  were  no  more  prevalent  in 
February — the  month  in  which  the  greatest  number  of  cases  occurred,  than  in 
March.  April  and  May  during  which  lime  but  one  case  developed.  Eighty  per 
cent  of  the  meningococcus  carriers  which  were  found,  however,  were  under 
quarantine  by  the  middle  of  March. 

The  element  of  fatigue  was  probably  of  neither  greater  nor  less  importance 
at  this  camp  than  at  others.  Exposure  to  wet,  cold  weather  was  probably  very 
much  less  here  than  at  other  camps  in  the  same  latitude  and  north  of  it.  The 
daily  average  mean  temperature  as  furnished  by  the  U.  S.  ^^'eather  Bureau  for 
Deming  was  40.6°  in  January,  53.2°  in  February,  55.4°  in  March,  and  60.1° 
in  April. 

On  the  whole,  the  general  health  at  this  camp  was  not  far  from  the  aver- 
age when  compared  with  other  camps.  \\'ith  an  annual  death  rate  of  12.7  per 
1,000  for  the  six  months  ending  March,  29,  1918,  it  stood  a  little  lower  than 
midway  between  the  highest,  Camp  Wheeler,  28.3  and  the  lowest.  Camp  Dix, 
2..9^.  Regarding  the  seasonal  occurrence  of  infectious  diseases,  the  situation 
may  be  summarized  as  follows :  an  epidemic  of  measles  began  early  in  November, 
1917.  reaching  its  high  point  the  w^eek  ending  December  7.  Associated  with, 
and  following  this  epidemic  there  developed,  within  the  next  45  days  many 
cases  of  bronchopneumonia.  The  incidence  of  primary  pneumonias  increased 
rapidly  in  January,  reaching  a  climax  in  February.  More  cases  of  scarlet 
fever,  mumps  and  diphtheria  occurred  during  January,  February,  and  March 
than  in  anv  other  equal  period  of  time.  In  fact  there  w'as  a  definite,  decided 
culmination  of  all  the  more  common  infectious  diseases  during  the  latter  part  of 
January  and  February,  wdiich  was  also  the  period  of  the  largest  number  of  cases  of 
cerebrospinal  fever.  This  observation  is  in  keeping  with  a  deduction  which 
Woolley*  has  made,  that  since  "the  incidence  of  meningitis  and  that  of  the  com- 
moner respiratory  diseases  are  parallel ;  if,  in  fact,  the  appearance  of  meningitis 
follows  the  rise  in  acute  respiratory  disease,  then  one  may  quite  reasonably  draw 
the  inference  that  there  is  some  definite  connection  between  the  two."  There 
is  reason  for  believing  that  the  primary  infection  in  all  develops  in  the  respira- 
tory tract,  and  more  particularly,  the  nasopharynx.  It  is  held  that  meningitis 
is  primarily  a  nasopharyngitis,  the  infecting  agent  gaining  access  to  the  meninges 
either  by  direct  lymphatic  extension,  or  the  result  of  a  septicemia,  with  locali- 
zation in  the  membranes  of  the  cord  and  brain. 

There  is  one  element,  however,  which  must  be  kept  in  mind.  No  combi- 
nation of  predisposing  causes  will  give  rise  to  epidemic  meningitis  without  the 
presence  of  the  meningococcus.  Upon  a  moment's  reflection  this  statement  becomes 
obviously  true.  Fatigue,  exposure  to  inclement  weather,  and  the  existence  of  a 
nonspecific  nasopharyngitis  are  highly  important,  practical  factors  to  be  considered 
in  the  epidemiology  of  cerebrospinal  fever.  Yet,  the  one  necessary  element  is  the 
meningococcus,  and  since  this  organism  soon  perishes  when  once  it  is  separated 
from  its  natural  hal)itat — the  nasopharynx — the  i)roblem  of  its  dissemination 
resolves  itself  into  th.at  of  the  acti\e  meningococcus  carrier. 
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In  r,ii)i]i  life,  llic  wirious  ck'tucnls  ^m-li  as  close  personal  nssoclalion,  fa- 
li,mu'  rmd  cxpomirc.  which  unite  to  i»avc  thr  way  t'or  nasopliarynj^a-al  inflammation, 
can  not  well  he-  overcome.  The  other  hnk  in  the  chain,  the  chmination  of  car- 
riers, can  he  hrcjken,  and  herein  he'^  the  rationale  of  a  survey  for  meninj^ococcus 
carriers. 

Tt  is  too  much  to  exiK'ct  that  all  carriers  in  a  larj^e  cantonment  will  he 
found  in  a  sin.tjlc,  or.  even  in  rejjeated  surveys.  Tt  may  he  arj]^ued  that,  where 
onlv  sporadic  cases  (le\i-loi>,  tlie  lime,  lahor  and  expense  involverl  in  such  a 
survey,  tofjether  with  tlie  uncertainty  of  results,  will  not  justify  the  takinj^  ol 
such  measures.  On  the  other  hand,  it  can  not  he  foretold  in  the  he;.,dnninj,' 
whether  cases  will  develo])  sjioradically  or  e|)idemicrdly.  Since  the  aim  of  a 
survey  is  to  prevent  the  latter  happenin,L,^  it  should,  when  circumstances  permit, 
he  undertaken  verv  soon  after  recruits  are  assemhled.  This  recommendation 
applies  especially  in  instances  where  troops  are  l.eins^  mohilized  from  sections 
of  the  countrv  in  which  cerehrospinal  fever  is  endemic.  The  meningitis  epi- 
demics at  Camp  Inuiston,  and  Camp  Jackson,  have  heen  attrihuted  very  largely 
to  the  endemity  of  the  disease  in  Missouri  and  Kansas,  and  in  South  Carolina, 
respectively.  It  should  he  stated  here  that  troops  composing  the  34th  Division 
which  was  stationed  at  Camp  Cody,  during  the  winter  and  spring  of  1918,  were 
from  the  National  Guard  organizations  of  Iowa.  Minnesota,  Nebraska,  and 
South  Dakota. 

Meningitis  is  a  serious  disease  by  reason  of  its  high  fatality,  and  the  dis- 
al)ling  sequelc-e  which  are  apt  to  follow  it.  Tt  has  been  estimated  to  be  45  times 
as  prevalent  in  the  army  as  in  civil  life,  whereas  the  figure  given  for  measles 
is  19.  and  for  pneumonia  12^  Therefore,  it  would  seem  that  strenouous  measures 
should  be  taken  against  the  introduction  and  spread  of  this  disease,  within  army 
camps. 

co^r^rExTARY 

Regarding  the  incidence  of  the  disease  in  relation  to  the  culturing  of  this 
camp  for  carriers,  it  is  noteworthy  that  the  last  case  of  the  series  (in  point  of 
time)  de\-eloped  Feliruarx-  23,  1018,  in  a  soldier  who  was  a  carrier  in  the  Isola- 
tion Camp.  By  this  date  all  companies  in  which  cerebrospinal  fever  had  de- 
veloped had  been  cultured  and  many  carriers  quarantined  in  the  Isolation  Camp 
under  treatment.  Whether  these  two  facts  stand  in  anything  more  than  coinci- 
dental relationshiji  -,  it  is  dit^cult  to  say.  Only  one  other  case  of  meningococcic 
meningitis  occurred  in  the  34th  Division  before  that  division  left  this  camp  in 
September.  This  case  developed  April  2o.  Curiously,  this  patient  was  admitted 
to  one  of  the  pneumonia  wards  with  a  tentative  diagnosis  of  pneumonia,  A 
blood  culture  made  the  following  d.ay  (but  after  a  clinical  diagnosis  of  menin- 
gitis had  been  made)  revealed  the  meningococcus. 

During  the  course  of  the  survey  several  questions  of  both  practical  and 
scientific  interest  quite  naturally  suggested  themselves.  It  would  have  been  in- 
teresting to  reculture  a  number  of  organizations  in  order  to  ascertain  what  pro- 
portion of  carriers  had  been  missed  in  the  first  culture  or  whether  new  carriers 
had  appeared.  This  was  done  in  but  one  instance,  which  was  occasioned  by  the 
development  of  a  case  of  meningitis  in  the  126th  Machine  Gun  Battalion  thirty- 
eight  davs  after  that  organization  had  been  cultured.     Nine  carriers  were  found 


396  THK    .lOURNyM,    OF    LABORATORY    AND    CIJXICAL    IVIEDICIXE 

the  first  lime;  two  were  found  the  second  time,  one  of  whom  had  Ijeen  picked 
up  in  the  first  culture.  This  soldier  had  heen  in  the  Isolation  Camp  twenty- 
four  days,  durins^  which  time  two  positive  and  three  neg^ative  cultures  were  oh- 
tained  from  him.  The  latter  released  him  from  quarantine  althou;2[h  the  sub- 
sequent positive  culture  would  jioint  to  the  iirol)ability  of  his  not  beinj^  entirely 
free  from  meningococci  in  spite  of  three  negative  cultures.  No  other  cases  of 
epidemic  meningitis  developed  in  organizations  which  had  been  cultured 
previously. 

An  investigation  regarding  the  efficacy  of  the  treatment  of  carriers  was 
proposed,  but  the  stress  of  work  devolving  upon  the  laboratory  at  this  time  pre- 
cluded the  undertaking  of  the  purely  experimental  work  involved  in  this  prob- 
lem. As  stated  before  we  relied  solely  upon  the  use  of  a  2  per  cent  dlchloramine- 
T  solution  in  oil.  administered  in  the  form  of  a  nasopharyngeal  spray,  to  arti- 
ficiallv  hasten  the  disappearance  of  meningococci  from  carriers. 

It  was  reported  at  Camp  Funston  that  this  spray,  induced  hyperemia  about 
the  orifice  of  the  eustachian  tube  followed  by  the  development  of  cases  of  otitis 
media.     At  Camp  Cody  no  untoward  results  were  observed  from  this  source. 

SUMMARY    AND    COXCLUSIOXS 

1.  It  is  a  safe  prediction  that  cases  of  epidemic  meningitis  will  develop 
wherever  large  numbers  of  recruits  are  assembled  and  live  together  for  any  con- 
siderable length  of  time,  in  close  quarters.  The  intimate  personal  associations, 
unavoidable  in  camp  life  greatly  favor  the  dissemination  of  the  disease ;  hence, 
the  potentiality  of  a  serious  widespread  epidemic. 

2.  The  dissemination  of  cerebrospinal  fever  depends  ultimately  upon  the 
presence  of  m.eningococcus  carriers,  although  the  existence  of  a  nonspecific  naso- 
pharyngitis is  undoubtedly  a  predisposing  factor  in  the  development  of  the  in- 
dividual case. 

3.  The  period  of  greatest  incidence  of  meningitis  may  be  expected  when 
the  more  common  respiratory  infections  are  at  their  height,  due  to  the  fact  that 
in  all  of  them,  nasophaiTngitis  is  a  primary  and  predisposing  factor.  The  great- 
est number  of  cases  of  the  latter  develop  when  living  conditions  are  at  their 
worst. 

4.  In  military  camps,  where  large  numbers  of  troops  are  mobilized  from 
sections  of  the  country  In  which  meningitis  is  endemic,  the  possibility  of  the  dis- 
ease becoming  epidemic  Is  greatly  increased,  by  reason  of  the  greater  propor- 
tion of  meningococcus  carriers.  A  determined  efifort  should  be  made,  in  such 
instances,  to  eliminate  the  carriers  as  quickly  and  thoroughly  as  possible.  A 
general  bacteriologic  survey  is  the  onl)'  logical  means  to  such  an  end,  and  al- 
though its  accomplishment  on  the  large  scale  necessary  In  the  average  camp  is 
fraught  with  many  practical  difficulties,  it  should  be  undertaken. 
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IK  KOIJ-:  OK  TUBKRCULOSIS  K\  UKMKX'HA  I'KKCOX* 
(Second  Report) 


i'.^    II.  I.  ()(jsi.i.\K,  M.I).,  W'oKc'KSTKK,  Mass. 


THE  following  rci)ort  is  intended  to  supplement  the  Preliminary  vStudyf  of 
the  same  title  and  is  the  extended  account  of  the  seventeen  cases  mentioned 
there,  in  which  the  connection  between  the  mental  and  the  physical  disease  was 
so  close  that  certain  writers  have  considered  the  one  as  due  to  the  other. 

The  history  of  the  case  which  may  be  considered  to  serve  as  a  type  for 
the  other  seventeen  cases  and  which,  will  have  occurred  in  the  experience  of 
every  psychiatrist,  is  as  follows:^  A  girl  of  27,  of  tuberculous  build  and  who 
has  shown  signs  of  latent  tuberculosis,  remains  depressed  and  introspective 
following  some  disappointments.  There  appear  difficulties  of  attention,  cerebral 
torpor,  absent-minded  periods,  then  transitory  ideas  of  persecution  and  feelings 
of  hatred  against  her  parents. 

After  several  weeks  there  follows  a  melancholic  state  with  stereotyped 
writing. 

Soon  after  there  suddenly  appear  catatonic  manifestations:  prolonged  im- 
mobility, negativism,  cerea  flexibilitas,  cataleptoid  attitudes,  stereotyped  move- 
ments, suggestibility.  A  slight  remission  was  observed  during  the  next  few 
months  but  the  automatic  manner  and  the  stereot}'pies  were  maintained.  The 
mental  condition  is  slightly  affected  in  spite  of  appearances;  no  confusion,  no 
•disorientation,  conservation  of  the  feelings  of  hatred  against  her  parents  and 
of  the  sense  of  shame. 

Admitted  following  the  remission.  Fixed  positions  and  catatonic  phenomena 
resumed.  Progressive  cachexia.  From  time  to  time  a  slight  febrile  reaction  is 
noted,  with  headache  and  epistaxis  associated  with  a  tuberculous  infection  which 
is  developing  at  the  apices  of  both  lungs. 

The  autopsy  showed  that  we  were  dealing  with  a  case  of  fibrocavernous 
tuberculosis.  A  study  of  the  organs  and  of  the  glands  of  internal  secretion  re- 
vealed nothing  abnormal.  In  the  nervous  system  was  seen  a  sclerous  meningitis 
with  small  hemorrhages,  in  various  stages  of  evolution,  and  distention  of  the 
.arachnoid  spaces  with  edema.    The  examination  of  the  cortex,  etc. 

The  study  of  the  clinical  symptoms  and  the  anatomic  findings  leads  the 
authors  to  decide  upon  the  diagnosis  of  melancholia  with  stupor  of  dementia 
precox,  in  spite  of  the  existence  of  the  catatonic  syndrome.  They  are  of  the 
opinion  that  this  agrees  with  the  conception  of  Regis  and  certain  other  authors 
who  think  that  intermediary  forms  exist  between  certain  forms  of  chronic  men- 
tal confusion  of  toxic-infectious  origin  and  dementia  precox. 

There  is  opportunity  to  mark  out  the  domain  of  this  psychosis,  with  the 
aid  of  carefully  compiled  clinico-anatomic  data.  The  syndrome  of  Kraepelin 
seems  to  be  realized  by  two  types  of  psychosis:  the  one  which  is  really  worthy 

*From  tlie  Laboratory  of  the  Worcester  State  Hospital,  Worcester,  Mass. 
tPublished  in  the  January,  1919,  issue  of  this  Jourxal,  p.  186. 
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of  the  name  dementia  preeox,  is  a  constitutional  psychosis,  followini^"  ])ulierty 
independently  of  toxic  or  infectious  causes. 

The  other  t\i)e  would  he  a  form  of  toxic-infeclious  psychosis,  often  of  tuber- 
culous oriijin,  which  would  take  the  torm  of  dementia  pix'cox  l)ut  would  not 
always  lead  to  dementia  and  would  be  curable  in  the  cases  in  which  the  meningeal 
and  encephalitic  lesions  were  not  pronounced  and  were  halted  in  their  course. 
The  future  will  tell  whether  such  a  division,  interesting  from  the  point  of  view 
of  prognosis,  is  justified  by  the  discovery  of  symptoms  and  of  lesions  character- 
izing the  two  \arieties  of  the  hebephrenocatatonic  syndrome. 

Following  the  plan  in  the  jirevious  paper,  the  tabular  \iew  form  of  j^rcsenta- 
tion  is  adopted.     The  cases  are  as  follows  :* 

As  was  pointed  out  in  the  first  i)aper,  we  are  dealing  with  a  special,  selected 
group  of  cases.  These  cases  were  selected  because  they  were  undoubted  cases 
of  dementia  precox;  all  of  them  could  be  placed  iti  the  catatonic  group  or  the 
hebephrenocatatonic  group,  as  some  writers  would  have  it.  \\'ith  the  whole 
material  now  before  us  there  will  be  some  doubt  expressed  as  to  the  grouping. 
\\'ere  they  really  cases  of  dementia  precox?  In  the  discussion  which  followed 
the  reading  of  the  French  paper  it  was  claimed  that  the  case  was  not  one  of 
dementia  precox  because  the  affectivity  was  preserved,  "the  patient  showed 
animosity  and  affection  for  certain  individuals  till  the  end.''  This  was  con- 
sidered prima  facie  evidence  against  dementia  precox.  The  question  might  be 
raised  as  to  whether  even  this  retention  of  the  affectivity  would  have  had  weight 
before  death  in  making  the  diagnosis  against  dementia  precox  in  face  of  the  neg- 
ativism, cerea,  and  stereotyped  movements  which  the  patient  displayed. 

Tn  our  group  of  seventeen  cases  there  are  some  even  more  clean-cut  cases 
of  dementia  precox,  in  which  the  question  might  be  raised  with  all  the  material 
now  before  us.  A  review  of  the  cases  show- s  three  main  groups :  the  agitated 
depressed,  the  apathetic  stupor,  the  hysteriform.  There  is  a  poorly  defined 
mixed  group  in  which  agitation  and  apathy  combine  or  alternate.  To  the  first 
group  belong  Cases  III-6,  111-24,  XVI-23,  XVII-43,  14-7.  Related  but  without 
the  depression  are  Cases  IV-16,  IV-18,  V-3.  To  the  second  group  belong  Cases 
III-14,  1916.25.  To  the  third  group  belong  Cases  III-31  (agitated),  VII-41 
(agitated  depression).  To  the  mixed  group  belong  Cases  XII-28,  (agitated  stu- 
por), XIII-17  (agitated  apathy).  Two  cases  (III-43,  Vni-3)  were  first  agi- 
tated and  later  apathetic,  and  one  case  (IV-8)  w^as  first  stupid  and  later  active. 
Tf  we  were  to  place  the  French  type  case  in  one  of  these  groups,  we  would  be 
safe  in  considering  it  one  of  hysteria,  major  form,  though  the  cardinal  signs 
are  absent.  The  stereotypies  and  attitudes  might  equally  well  be  hysterical  or 
catatonic  as  far  as  the  presentation  of  the  case  is  concerned. 

The  terms  used  to  describe  these  groups,  wdiile  more  or  less  generally  dis- 
carded like  melancholia  attonita,  still  may  serve  to  convey  the  total  effect  of  a 
case  upon  the  observer  and  as  so  used  may  still  ha\e  some  value.  Using  them 
in  this  w^ay  we  have  three  main  groups  and  these  are  the  groups  so  frequently 
associated  with  infections  other  than  tuberculosis.  If  we  consider  our  cases  of 
dementia  jirecox  in  this  way,  may  we  not  arrive  at  a  differentiation  of  the  two 


*Signs    liave   tlie    same    meaning   as    in    iircvious    pajier.      Niimliers    after    symptoms   or    signs    refer    to 
number  of  days  of  month   eacli  was  present. 
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Cask  1 1 1-24 


MENTAL 


1897- — Depressed,  somewhat 
excited.  Auditory  and  visual 
hallucinations.  Hesitates  and 
repeats  answers.  Points  to 
heaven.  Throws  head  to  right 
forcibly.  Prays,  grimaces, 
walks  about  house,  will  not 
address  wife.  Thinks  Cath- 
olics will  shoot  him.  Dis- 
oriented for  time.  "Nfedicine 
is  pumped  up  from  sink." 
Mute  at  times.  Sexual  de- 
lusions. Confused,  incolierent. 
Stereotyped  movements  and 
attitudes.  Destructive  at 
times.  October — Shows  some 
insight.  November — manner- 
isms. December — Does  not 
know  whv  he  is  mute. 


PHYSICAL 


1897— Health  failing  grad- 
ually. Insomnia.  .\u.:;ust — 
Pain  in  chest,  white  foaming 
sputum.  September — vSuda- 
mina  forehead,  temples  and 
chin.  Sebaceous  scales.  No- 
vember—Says he  "spits  and 
bleeds  and  aches  in  his  chest." 
December — Flat  right  apex 
and  subclavicular  region.  Per- 
cussion causes  cough.  Dull- 
ness posteriorly  throughout, 
more  at  apex  and  interscapu- 
lar border.  Bronchial  breath- 
ing apex  and  scapular  border. 
Rales  in  second  .space. 

1898,  January — Cough  and 
bloody  expectoration  on  pass- 
ing tube  for  feeding.  Other 
hemorrhages  later.  Catheter- 
ized.     Exit. 


Failure  in  physical  health  and 
development  of  tuberculosis  runs 
[)arallel  with  the  mental  symp- 
toms. Total  duration  less  than 
two  years. 

Autopsy — Bladder  to  umbili- 
cus. Intestines  distended.  Mes- 
enteric glands  enlarged  and  nod- 
ular. Right  lung,  wt.  1415  gm. 
Cavity  size  of  an  orange  at 
apex,  others  throughout  lung. 
L'pper  and  middle  lobes  consoli- 
dated. Numerous  tubercles 
about  bronchi,  lower  lobe. 

Left  lung,  wt.  673  gm.  Ad-: 
herent  throughout.  Upper  lobe 
consolidated  with  numerous 
caseated  cavities.  Similar  areas 
at  anterior  margin  of  lower  lobe. 
Accessory  spleen. 
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Cask  111-31 


MENTAL 


1897 — Saw  caterpillars  and  ani- 
mals on  the  wall  at  times,  refused 
food,  talked  incoherently  and 
loudly,  mumbled  and  stared. 
Auditory  hallucinations,  violent, 
threatening,  feared  she  would  be 
burned  up.  Said  people  hit  her 
and  wanted  the  bumps  examined. 
Felt  exalted  in  her  religion. 
Thought  her  limbs  were  gone  and 
that  it  was  done  by  electricity. 
Disoriented.  At  first  said  her 
trouble  was  in  her  brain.  An- 
swered promptly  but  irrelevantly 
at  times.  Restless  and  once  held 
a  fixed  position. 

September — Thinks  she  is  not 
at  home  when  she  is.  Thinks 
clothes  are  on  fire.  Insolent, 
lewd,  profane,  tries  to  leave  house 
unclad,  screams. 

Sept.  21 — Grasps  at  objects 
near,  people,  bedclothes,  etc.  Star- 
ing, forehead  wrinkled.  Says, 
"I  don't  know  how,  where."  Af- 
fect of  fear.  Mutters  low  and 
unintelligibly.  Moves  arms  about 
in  purposeless  manner.  Becomes 
more  stupid,  drools,  untidy,  tube 
fed,  holds  food  in  mouth  till  it 
runs  out.  Disoriented,  smiles  in 
silly  manner.  Sang  at  night, 
smiled  once  at  joke,  moves  lips. 
Questioned,  laughs  quietly,  then 
cries  without  tears. 

Sept.  30 — Noisy  when  moved. 

October — Catatonic,  irrelevant. 

November — Delusion  ot  nega- 
tion, untidy,  says  she  is  insane. 

1898.  January  —  Oriented  and 
calls  nurses  by  name.  "At  times 
does  not  see  people  well  and  does 
not  know  them."  Thinks  she  lost 
a  foot  and  wishes  physician  would 
see. 

Fcbruarv — Threatens  suicide. 


PHYSICAL 


Father  and  uncle  nervous. 
Maternal  uncle  "foolish"  after 
scarlet  fever.  Two  paternal 
aunts  and  brother  died  of  tu- 
berculosis. Paternal  uncle  and 
brother  died  of  cancer.  Three 
children  nervous,  two  miscar- 
riages. 

Semi-invalid  after  birth  of 
first  child  at  26  or  28. 

Would  wake  up  choking  last 
two  years. 

1896 — Would  become  rigid 
but  had  no  convulsions,  called 
"spasm." 

1897 — "Snasms"  sometimes 
preceded  by  a  scream,  lasted  1 
to  2  minutes.  Insomnia,  poor 
nutrition,  poor  muscular  tone, 
face  flushed,  extremities  cold 
and  anemic,  feels  exhausted. 

Urine  shows  s.  p.  t.  albumin. 

Sept.  21 — Skin  of  mouth  and 
forehead  scaly. 

Sept.  30 — pharynx  congested. 

October — Diarrhea,  tongue 
coated,  scales  at  corners  of 
mouth. 

November — Decubiti,  emaci- 
ation, cough  with  expectora- 
tion. 

December — Rales  anteriorly 
and  dullness  posteriorly  on 
right.      Sputum   negative. 


1898 — February — Arms,   legs, 
and  feet  swollen. 


Death. 


Patient  a  semi-invalid 
for  some  time  and  with  a 
strong  hereditary  taint, 
goes  into  a  confused,  mut- 
tering, delirious  state  with 
catatonic  features.  The 
physical  condition  rapidly 
becomes  poor  and  ends 
with  signs  of  tuberculosis. 

Autopsy — Decubiti.  Pe- 
techise  over  abdomen  and 
chest.  Extensive  adhe- 
sions right,  few  over  left 
lung.  Right  lung  indu- 
rated with  large  nodes 
made  up  of  "slightly  con- 
fluent tubercles  of  case- 
ous decay."  A  few  cav- 
ities appear  at  the  apex. 
Left  lung  shows  nodules 
in  posterior  and  middl 
parts  of  upper  lobe  and 
in  lower  part  of  lower 
lobe.  Many  confluent 
groups  of  tubercles  appear 
on  sectiun. 


(See   Chart,   page   402) 
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Case  IV-8 


MENTAL 


Over  a  year  ago  thought  meat 
Iiad  for  the  head. 

1897,  January — Washes  oft- 
cner  than  usual.  Saw  a  cat  on 
two  legs  like  a  man  and  heard 
devils  cursing  him  and  saying 
they  would  get  hold  of  him. 
March — Would  sleep  in  chair  at 
dinner,  stupid  and  staggered  on 
rising.  Delusions  that  enemies 
were  trying  to  poison  him.  Con- 
fused, replies  uncertain,  mem- 
ory defective.  "Puzzled  in  mind, 
kind  of  dreaming."  vSexual 
ideas,  irrelevant.  April — Mus- 
cular rigidity.  May — Dribbles 
saliva,  refuses  food,  mute,  stere- 
otyped movements.  Insight, 
none.  July — Aggressive.  Sep- 
tember— Untidv. 

1898,  May— thinks  he  has  died 
and  is  different.  The  world  has 
come  to  an  end.  Irrelevant,  in- 
coherent. A  young  woman 
comes  to  him  in  spirit. 


PHVSICAI, 


SUMMARY 


Has  masturbated  since  the 
age  of  10. 

1897,  January  —  Insomnia. 
April — Acne  arms  and  back. 
Knee  jerks  exaggerated,  arms 
rigid,  tremor  of  hands  and 
tongue. 


December — Mitral  murmur. 

1898,  Maj- — (?)  pneumonia 
right  upper  lobe  and  nephri- 
tis. Later  sweats  and  tuber- 
culous temperature.  August 
— Sputum  positive.  October 
— Decubiti,  weak.  November 
—Exit. 


Onset  with  active  mental 
symptoms  which  soon  lead  to 
a  confused,  stuporous  exist- 
ence. Signs  of  active  pul- 
monary disease  noted  first 
over  a  year  after  mental 
trouble  began. 

Autopsy — One  liter  of  fluid 
in  chest.  Right  lung  adherent 
throughout.  Gray  nodules 
present  and  confluent  areas 
with  caseous  lumps.  Left 
lung,  adherent  upper  lobe, 
lobe  nodular.  In  lower  part 
are  many  cavities  with  slimy 
pus  and  gray  gelatinous  nod- 
ules in  hardened  tissue. 


(See   Chart,   pages  406  and  407.) 
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THK     lOUKNAU    Ol'    I.AUOKATOKV    AXD    CLINICAL    MEDICINE 


Cask   V-3 


1897,  May — Talked  and  worried  about  the 
future. 

June — Silly  laughter,  claims  that  she  sees 
a  man  who  wants  to  talk  to  her.  Later 
"spells  of  crying."  Took  a  vacation  during 
which    she    attcmjited   suicide    twice. 

September — Irrelevant,    "as    bad    as    ever." 

1898,  February — Since  Sei)tcmber  alternate 
improvement  and  relapse.  Now  thinks  she 
can  communicate  with  people  on  the  street. 
Will  talk  and  then  stop  as  if  listening.  Said 
lier  father  paid  the  doctors  to  keep  her  in  the 
condition  she  was  in.  "They  would  do  bet- 
ter to  get  her  a  young  man."  Violent,  untidy, 
t.ilkcd  love,   had   to  be  dressed. 

April — Impulsive,  decorates,  poses,  auditory 
hallucinations,  restless,  erotic,  will  not  help 
herself,    oriented. 

May — Resistive. 

Jul> — Irrelevant,   incoherent,   silly. 

August — Shakes   body,   obscene,   aggressive. 

September — Untidy,    helpless    and   aggressive. 

October — Masturbates. 

November — Fixed  attitudes,  horror  of  bath- 
ing.     Condition   similar    for   the   next   year. 


PHYSICAL 


Maternal        aunt       and 
mother   insane. 

1897,  May — Loses  flesh. 


1898,  April  —  Papular 
crujition  on  face,  fore- 
head, back,  chest  and 
arms  (acne  vulgaris). 
Comedones    on    cheeks. 


1899,  October  —  Pneu- 
monia. Later,  sputum 
positive.      Exit. 


Mental  symptoms  come  on  grad- 
ually at  23  years.  There  is  a 
continuously  active  sexual  trend 
with  deterioration  in  one  year  and 
deatli  in  less  than  two  years.  At 
the  l)eginniiig  there  is  a  loss  of 
weight  and  after  admission  to  the 
hospital  a  continuous  loss  but  no 
determined  diagnosis  till  the  last 
month    of   life. 

Autopsy — 50  CO.  blood-stained 
fluid  in  each  chest.  Old,  firm 
adhesions  both  lungs,  left  upper 
lobe  anteriorly  and  laterally  and 
jiosteriorly  at  the  apex.  Right 
lung,  lower  part  of  upper  lobe  con- 
solidated, middle  part  shows  nu- 
merous clusters  of  nodules,  lower 
lobes  less  numerous  nodules.  Left 
lung,  numerous  cavities  upper 
lobe,  one  4x6  cm.,  lower  lobe 
studded   with   small   nodules. 


(See  Chart,  page  411.) 
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Ca«k  VI 1-41 


Two  or  three  years  ago  had  nervous 
])rostrati()n. 


1898,  Novcnilicr  ll.ul  (Illusions  of 
lioisoniriR  aK^ii'ist  nurse  at  last  con 
inetmnt.  Suspicious  of  doctor,  hus- 
bantl,  and  mother  drugRing  medicine 
Auditory    hallucinations. 

1899,  January — "Husband  unfaiih 
ful  with  jiatient's  mother."  Cries,  ex 
cited,  abusive,  aggressive,  then  re 
morseful. 

Spring — Knows  when  spells  are  com- 
ing,  "a   cloud   conies   over  her   brain." 

July — Applies  for  divorce  (has 
cause). 

August — Stays  out  late  nights  with 
babvs  Memory  poor,  orientation  good, 
insight  partial,  "worse  since  coming 
to    hosijital." 

September — "Hears  four  different 
kinds  of  noises  in  her  head  at  once," 
negativistic. 

October — Cries,  "abused  by  every- 
body," "imagines  she  sees  false  ob- 
jects," "has  a  whirling  in  her  head," 
"hears  voices,"  "queer  feeling  in  her 
head  affects  her  heart,"  "a  heavy 
feeling    in    her    stomach." 

1900,  Ma> — "I  imagine  that  I  am 
living  and  again  that  I  am  not,"  "I 
can  not  explain  it  for  my  mind  goes 
from   me   and    I    am   not    here." 

December — N'iolent,  aggressive,  ap- 
propriates belongings  of  others,  re- 
sistive,   tries    to    escape. 

1901,  August — Auditory  hallucina- 
tions; carries  head  high  and  hair  in 
a   peculiar  fashion. 


J'aternal  aunt  insane,  father  a 
suicide,   brother  peculiar. 

Menses  at  eleven,  regular.  At 
14  came  every  2  to  3  weeks  and 
lasted  4  to  5  days.  Appetite  poor. 
.Married  at  19,  because  pregnant. 

1898,    November — Headaches. 


1899,   January— Weak. 


Sejitember — On  getting  up  is 
dizzy  and  head  goes  round  and 
round.  Lies  down  much,  "weak 
and    lifeless." 

December — "Too  weak  to  do 
anything." 

1902,  March — Never  heard  to 
cough,    appetite    poor. 

April — Hemorrhage  from  lungs, 
"cheesy  particles,"  no  bacilli. 
Cough,  rales.     Stupor.     K.xit. 


SUMMARY 


Active  onset  at  24  in  a  person 
somewhat  handicapped  with  hered- 
ity at  the  start.  Conrlition  pro- 
gresses over  a  period  of  three 
years  or  less,  with  insight  at  first 
but  lost  later.  Obscure  physical 
signs  persist,  almost  from  the  start 
but  definite  signs  appear  only  in 
the  last  month  of  life. 

Autopsy- — Right  pleural  cavity 
obliterated,  upi>er  part  of  left  up- 
per lobe  adherent.  Right  lung 
shows  a  large  number  of  hard  nod- 
ules, apex  on  solid  mass  of  tu- 
bercles, lung  cuts  like  liver.  Left 
lung,  large  tubercles  and  pneu- 
monic gray  areas,  two  cavities  at 
apex  and  several  elsewhere.  Pus 
points  over  bronchi.  ISronchial 
glands  enlarged.  (?)  Tubercles 
of  pia. 
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Cask  XI 1-28 


MKNTAL 


1906,  September — Stupor  of  6 
to  8  liours'  (luratiou. 

()ctoI)er — "Going  to  be  cut," 
vvislies  he  were  dead.  Can  not 
get  well,  has  no  life,  is  all  gone. 
Careless,  unsociable. 

1907,  July — Mute  few  days, 
screamed,  refused  food,  "every- 
body is  eating  too  much,"  "peo- 
ple called  him  a  freak."  Says 
he  has  not  been  well  and  that  the 
uiglit  before  admission  was  a 
blank  to  iiim.  Answers  slowly 
and  stupidly.  Staring  for  three 
weeks,  solitary.  On  admission 
was  resistive,  suicidal,  noisy 
and  mute. 


1906,     September 
headaches,  anemia. 


Violent 


1907,  Jul\— Has  lost  weight 
past  year.  Insomnia  last 
three  weeks.  Systolic  mur- 
mur at  apex,  over  precordia 
and  in  axilla.  P.M.  rise  in 
temperature,  weak,  bowels 
move  only  with  oil  enemas. 
Exit. 


SUMMABY 


Onset  at  19  with  stupor  and 
active  symptoms  following. 
Death  in  about  a  year.  In- 
itial loss  of  werglit  which  con- 
tinues, with  an  afternoon 
rise  in  temperature  noted  in 
the   last   month   of   life. 

Autopsj  -Beneath  left  6th 
rib  is  a  pocket  of  thick  red- 
fiish  pus.  Right  apex  nodu- 
lar. Pleura  slightly  adherent. 
Death   from   tuberculosis. 


CONDUCT  CHART 
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Case   XIII-17 


MENTAL. 


1907,  June — Thought  everyone 
was  doing  wrong,  fault-finding, 
cries.  "A  man  in  front  of  him 
in  church  put  an  electric  bul- 
let through  him." 

December — Dull  and  sluggish 
mentally.  Dull  and  subject  to 
anger  for  past  two  years. 
Would  not  associate  with  other 
workmen,  gave  up  jobs  without 
cause.  Threatened  to  shoot 
himself   and   his   mother. 

1908.  March— Oriented. 
.\pril — Untidy. 


PHYSICAL 


Often   had   malaria. 

1906 — Slight  cough  noticed. 
One  slight  hemorrhage. 

1907,  June-December-— In  a 
Consumptives'  Home.  Ema- 
ciated. 

December — Anemic,  weak, 
dry,  hard  cough. 


1908,  February — Aches  and 
pains,  diarrhea,  pains  in  stom- 
ach.    Dyspnea. 

March — Decubiti.  Slight 
tendency  to  clonus  in  both 
ankles.  Harsh,  dry,  crack- 
ling rales.     Dullness  at  apex. 

April — Weak,  hemoptvsis. 

Alav  1— Death. 


SUMMARY 


Physical  signs  became  evi- 
dent before  the  mental  trou- 
ble. Course  complete  in 
about  a  year. 

Autopsy — Shows  75  c.c.  of 
straw-colored  fluid  in  peri- 
toneal cavity.  Mesenteric 
glands  enlarged.  Lungs  ad- 
herent throughout.  Pus  cav- 
ity opened  in  removing  ster- 
num, numerous  pus  pockets 
in  each  lung.  Ulceration  of 
lower  ileum  and  beginning 
colon. 


(See  Chart,  page  416.) 
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Cask  XV 1-23 


ME  NT  A  I, 


1907  —  Talked  and  acted 
strangely.  Worse  the  past 
eight  months.  Talks  to  self, 
will  Hot  cat. 

I'Ml.  Maroli  — Excited,  de- 
pressed. "1  see  people  around 
the  walls,  calling  me."  Fear 
affect.  "Thev  hit  me  on  the 
head,"  "they  fire  bullets  at  me," 
"I  am  married"  (patient  is  sin- 
gle). Dull,  tendency  to  cata- 
lepsy, confused  and  sometimes 
apprehensive. 


PHYSICAL 


Has  been  in  bed  the  pa.st 
five  months.  Says  she  does 
not  sleep. 

1911,  March— Weak,  sal- 
low, anemic.  Lips  and  ton- 
i;uc  dry.  Signs  at  right  apex. 
Sleeps  poorly. 


SUMMARY 


Gradual  course  of  three 
years,  ending  with  acute  men- 
tal trouble  and  signs  of  tu- 
berculosis. 

.\utopsy  —  Right  pleural 
cavity  contains  about  200 
c.c.  of  slightly  bloody  fluid, 
left  the  same  amount  of  puri- 
form  fluid.  Old  fibrous  ad- 
hesions at  apex.  Anterior 
surface  scat  of  thin,  plastic, 
greenish-yellow  exudate. 
Kight  lung  nodular  at  apex. 
Left  lung  apex  solid  ;  section 
shows  cavities.  In  upper 
and  lower  lobes  are  solid 
areas  showing  discrete  and 
confluent,  yellowish  green 
areas,   some  with   cavities. 


COWDUCT  CHART 
Y£AR    19  71 
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Case  XVII-43 


MENTAL 


1911,  August — Onset  gradual. 
Excited.  A  woman  wanted  to 
harm  her.  Could  see  her  hus 
band  on  tb^  horizon.  Talk 
rambling  and  incoherent,  rest- 
less nights. 

1912,  March — Noisy  and  rest- 
less nights.  Fairly  oriented  for 
time,  excited  "because  afraid  of 
another  patient."  Partial  grasp 
on  surroundings,  auditory  hal- 
lucinations at  home,  no  insight. 
"Has  been  sick  for  six  months 
but  not  mentally." 

May — Cries  and  is  talkative. 

June— Resistive  to  attentions 
for  past  six  weeks.  Mute  at 
times. 


PHYSICAL 


1911,  August — Poor  physi- 
cal condition,  lost  weight, 
anemia,  temperature,  insom- 
nia. 


1912.  March— Feels  tired. 
Below  and  to  the  left  of  the 
lower  angle  of  the  right 
scapula,  dullness  and  bron- 
chial breathing.  Back  aches 
and  sore  inside.    Cough. 


June — Diarrhea  lately,  loss 
of  weight,  temperature  at 
night.  Tubercle  bacilli  in 
feces.     Exit. 


SUMMARY 


Physical  condition  parallels 
mental  condition  in  a  woman 
of  33.  Exit  in  less  than  a 
year  after  onset. 

Autopsy — Decubiti.  Old  ad- 
hesions lower  part  of  right 
lobe  of  liver  and  transverse 
colon.  Right  pleural  cavity 
obliterated,  left  dense  adhe- 
sions at  apex.  Scars  at  apex 
of  each  lung.  Ileum  seat  of 
13  ulcers  which  are  shallow 
bright  red,  not  particularly 
undermined,  follow  the  cir- 
cumference of  the  gut  and 
show  nodular  elevations  on 
the   peritoneal   surface. 


(See   Chart,   page  419.) 
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Cask  1916.25 


MENTAL 


Did  well  in  school  till  fifth  grade.  A 
l)oor  workman  now  getting  worse.  I'n- 
sociable,  timid,  stupid.  Kerently  thought 
sjiies  wire  drugging  him.  Kestless,  siglis 
a  great   deal. 


1913,  April — Speech  disconnected,  mem- 
ory and  grasp  fair,  education  poor.  Audi- 
tory hallucinations  recently,  references  are 
made  to  his  clothes,  etc.;  thinks  he  is 
drugged  to  make  him  drink.  Irrelevant  at 
times,  insight  none.  Thought  of  suicide 
once.  Speaks  slowly  and  in  low  tones,  ad 
mits   difficulty    in    thinking. 

December — Elopes  but  returns  the  next 
day  and  says  the  incident  was  due  to 
"mental   deliriousness." 

1914,  January — Indifferent,  unsocialdc, 
memory  and  grasp  good,  sometimes  evasive, 
confused,  slow  in  replying,  and  somewhat 
irrelevant,    has    sexual    ideas. 

August — Oriented,  confused,  deluded,  no 
insight. 

1915,  September — Mannerism  of  hanging 
head,   replies  monosyllabic. 

1916,  March— Restless. 


PHYSICAL 


Twelve  children  in  family. 
One  died  in  convulsions,  two 
stillborn  fihe  last),  one  'lied 
suddenly  at  15,  one  died  of  tu- 
berculosis at  25,  one  insane  and 
suicide,  one  brother  drinks 
heavily. 

I'atient  had  nose-bleeds  till  16, 
then  none  till  last  week.  Head- 
aches all   life. 

1913,  April — Left  back  at 
angle  of  scapula  an  occasional 
rale,  pupils  react  unusually 
promptly    to   light. 

May — Wassermann  on  serum 
suggestive  positive,  later  nega- 
tive. Right  pujiil  slightly  larger 
than    left.      I'lood    pressure    155. 


1914,  February  —  Losing 
weight. 

1915,  May — Stops  work  in  the 
Industrial  Room,  cough,  tired, 
weak,  tuberculosis  right  base, 
loss  of  weight,  right  lateral 
scoliosis. 

June — Sputum    negative. 

1916,  March — Feverish.  "De- 
mentia  precox   sinking  spells." 


SUMMAHY 


Gradual  onset  at  24  IcarlinK 
to  admission  to  the  hospital 
two  years  later.  Here  patient 
lemained  in  a  confused  and 
stupid  state,  though  able  to  do 
a    little    work    for    a    time,    and 

lied  three  years  later.  Phys 
ical  signs  made  out  almost  a 
year  before  death. 

Autopsy — Adhesions  of  in- 
testines to  ventral  abdominal 
wall,  both  lobes  of  liver  to 
diai)hragm,  spleen  posteriorly, 
gall  bladder  to  hepatic  flexure 
and  to  small  intestine,  lungs 
anteriorly  to  pericardial  sac, 
right  lung  at  apex,  posteriorly 
over  upper  lobe  and  externally 
over  lower  lobe,  left  lung  at 
apex  (losteriorly  and  exter- 
nally  throughout.      Consistency 

ncreased  at  both  apices  which 
are  wrinkled  and  contracted. 
Rest  of  lungs  nodular  and 
granular.  Two  small  scars 
left  lung.  Mesenteric  glands 
much  enlarged  from  behind 
pancreas    down. 

Transverse  ulcers  from  mid- 
dle of  ileum  down,  more  fre- 
quent   at    lower     end.       Small, 

round,  yellow  mass  posterior 
to  optic  chiasm  and  another 
large  yellow,  granular  mass  in 
cerebellum,    adherent    to    dura. 
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great  groups  from  the  mental  side,  independently  ot  the  physical  picture.  By 
"mental  side,"  of  course,  one  is  to  understand  a  combination  of  the  purely  men- 
tal as  determined  by  mental  tests  and  tests  for  orientation,  memory,  etc.,  and 
the  conduct  which  is  objective,  to  be  sure,  but  which  is  an  index  of  what  is  going 
on  in  the  patient's  mind,  especially  if  considered  from  the  viewpoint  of  behavior- 
istic  psychology.  Such  a  differentiation  into  a  toxic-infection  group  of  catatonic 
form  and  a  true  dementia  precox  group  (if  such  exist),  would  be  of  the  utmost 
importance  from  the  standpoint  of  prognosis  and  of  rational  treatment  as  against 
"empirical"  treatment.  The  first  would  be  amenable  to  treatment  or  would 
recover  spontaneously  but  the  second  would  be  unfailingly  fatal  and  its  elimina- 
tion would  be  a  matter  for  preventive  medicine,  possibly  of  the  eugenics  type. 

The  question  of  remissions  should  also  be  of  value  in  determining  to  which 
group  any  given  case  belongs.  The  case  with  remission  should  certainly  be 
ascribed  to  true  dementia  precox  with  the  greatest  hesitation,  if  at  all,  if  de- 
mentia precox  is  a  constitutional  dementing  psychosis.  The  fact  of  remission 
should  point  to  some  other  than  a  constitutional  cause. 

Turning  to  the  physical  side  we  note  that  a  few  cases  showed  signs  of  tuber- 
culosis till  shortly  before  death,  if  we  consider  only  temperature  and  actual 
demonstration  of  the  organism.  If  we  review  all  the  data,  however,  it  is  evi- 
dent that  tuberculosis  might  have  been  suspected  in  all  these  cases  some  time 
before  the  diagnosis  was  made.  With  present  day  methods,  such  as  the  roentgen 
rays,  sero-diagnosis  and  other  means  by  special  culture  media,  which  are  notably 
few  in  the  insane  hospitals  of  the  world  and  few  enough  in  other  hospitals,  one 
might  hope  to  suspect  tuberculosis  sooner,  as  we  find  that  we  can  make  the 
diagnosis  earlier.  With  the  continued  loss  of  weight  in  these  cases  and  the 
final  cachexia  one  could  scarcely  make  a  mistake,  but  the  diagnosis  at  that  time 
is  made  too  late.  The  anatomic  findings  in  the  lungs  of  all  these  cases  would 
have  given  good  roentgenograms  long  before  they  reached  the  stage  discovered 
at  autopsy. 

Worthy  of  further  attention  are  the  headaches,  epistaxis,  weakness,  the 
frequency  of  signs  at  the  apex.  Comparing  these  cases  with  the  previous  group 
we  are  struck  by  the  frequency  of  positive  findings  in  the  sputum  or  the  feces. 

The  severity  of  the  lesions  may  be  an  index  of  the  clinical  course,  not  only 
of  these  cases,  but  of  the  oases  of  the  previous  paper  which  seemed,  for  the 
most  part,  to  have  recovered  from  the  immediate  effects  of  an  infection  and  to 
have  lived  out  a  demented  existence  only  to  finally  succumb  to  an  exacerba- 
tion of  the  original  trouble  or  to  some  other  infection.  An  index  to  the  long 
suspected  course  of  tuberculosis  and  to  the  primary  locus  of  infection  is  also 
apparent  if  the  locus  of  lesions  in  this  group  is  compared  with  the  loci  in  the 
previous  group.  In  that  former  series  there  were  several  cases  of  pulmonary 
and  intestinal  tuberculosis  and  an  occasional  one  with  tuberculosis  elsewhere. 
In  this  present  series  there  were  four  cases  which  showed  intestinal  lesions 
(XIII-17,  XVII-43,  14-7,  1916.25).  In  addition  to  the  intestine  being  aft'ected, 
three  of  these  cases  showed  enlarged  mesenteric  glands  (XIII-17,  14-7,  1916.25). 
One  case  (III-24)  showed  enlarged  glands  without  apparent  involvement  of  the 
intestine.  Four  cases  showed  involvement  of  other  organs  (TIT-6,  III-43,  VII-41, 
1916.25).     This  makes  a  percentage  of  47  showing  lesions  in  other  loci  than 
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the  Iuul;  ill  this  scries  and  llic  jicrcciitaj^'c  in  the  prcvifnis  series  was  4<j.l  or 
somewhat  less,  th()u.i,fh  the  duralioii  of  the  disease  was  Irmgcr  in  every  instance 
in  the  first  series.  It  i>  apparent  that  tlie  puhiionary  lesion  is  of  prime  im- 
portance in  pdinl  (if  time  and  the  intestinal  lesion  follows.  Those  with  in- 
testinal lesions  seem  to  he  in  the  more  serious  condition  since  they  quickly  die 
and  even  in  the  old  cases,  u  hen  intestinal  lesions  are  found,  they  are  fresh  point- 
ing to  a  fresh  infection  which  was  the  terminal  one. 

Time  appears  to  have  little  effect  in  the  spread  to  the  intestine  if  we  are 
to  draw  any  conclusions  of  this  sort  from  the  above  percentages.  Xeither  can 
we  count  '>n  the  temporal  duration  in  the  spread  to  other  organs,  though  there 
seems  to  be  some  reason  for  taking  tim.e  into  account  here  since  those  cases 
of  the  second  group  (the  present  paper)  which  showed  lesions  in  other  parts 
than  the  lungs  and  intestines  were  those  with  longer  duration,  from  two  to  four 
years. 

Another  interesting  speculation  is  aroused  when  we  consider  that  the  mesen- 
teric glands  may  be  affected  without  apparent  involvement  of  the  intestine  and 
that  the  abdominal  organs  may  be  involved  without  the  apparent  involvement 
of  either  the  intestine  or  the  mesenteric  glands.  With  the  assistance  of  our 
modern  conceptions  of  infection,  local  and  general  resistance,  and  immunity,  a 
large  field  for  investigation  should  be  opened  in  the  field  of  psychiatr}-  and  tuber- 
culosis which  should  rival,  if  not  surpass  that  opened  for  the  studies  on  paresis. 

SUjMMARY 

Seventeen  cases  of  dementia  precox  show  a  mental  course  and  a  physical 
picture  so  nearly  parallel  that  one  is  taken  to  be  the  cause  of  the  other. 

This  again  opens  the  question  as  to  the  possibility  of  splitting  the  great 
dementia  precox  group  into  two  main  groups  on  the  physical  side :  those  of  toxic- 
infectious  nature,  often  tuberculous,  and  the  true  degenerative  psychosis.  This 
grouping  has  nothing  to  do  with  the  mental  groupings. 

A  wide  field  for  investigation  is  outlined. 

BIBLlOGxtiAPHY 
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THE   RIXKNT   EPIDEMIC'  OF  INFLUENZA  AND  BRONCHOPNEU- 
MONIA A  r  THE  EASTON  HOSPITAL,  EASTON,  PA. 

Bacteriai,  Findings 
A  Bacillus  Rkskmiu.ing  the  Bacillus  Pestis 


By  A.  L.  KoTz,  M.D.,  Easton,  Pa. 


THE  bacterial  findings  in  material  ()l)tained  from  the  lungs  of  30  influenza 
and  bronchopneumonia  patients  (mostly  bronchopneumonia)  either  in  the 
form  of  sputum,  pleuritic  fluid,  lung  tissue  by  aspiration  or  postmortem,  were  as 
follows:  The  influenza  bacillus  was  found  in  15;  the  pneumococcus  (one  type 
or  another)  in  27;  a  small  diplococcus,  forming  short  chains,  in  14;  streptococci 
of  various  types  in  8 ;  and  a  short  thick  bacillus  in  24.  The  bacillus  is  the  micro- 
organism to  which  I  wish  to  draw  attention ;  the  other  bacteria  mentioned  have 
already  been  more  or  less  thoroughly  described  by  others. 

The  bacillus  is  short  and  thick,  about  1.5x0.5  microns,  with  rounded  ends. 
It  occurs  singly,  in  twos  and  short  chains.  It  is  very  slightly  motile,  probably  a 
little  more  than  the  ordinary  Brownian  movement.  A  capsule  is  seen  in  some 
specimens.  Involution  forms  are  common,  and  are  oval,  round  or  irregular. 
It  stains  with  the  ordinary  aniline  dyes.  The  ends  of  the  bacillus  stain  more  in- 
tensely than  the  middle.  This  polar  staining  is  particularly  well  marked  in  speci- 
mens from  the  heart  blood  of  inoculated  mice  stained  with  Giemsa's  stain.  It  is 
Gram  negative. 

The  bacillus  grows  at  incubator  and  ordinary  room  temperature.  On  the 
primary  plain  agar  culture  it  grows  in  tiny  dew-drop  colonies,  not  unlike  the 
pneumococcus.  In  subculture  it  grows  in  moderately  large  grayish  colonies  which 
are  slightly  granular.  In  bouillon  culture  a  moderate  cloudiness  is  produced. 
If  the  bouillon  is  covered  with  oil  after  inoculation  and  allowed  to  stand  undis- 
turbed for  a  few  days,  fringe-like  filaments  develop  from  the  under  surface. 

This  bacillus  is  highly  virulent  for  white  mice.  Injection  of  0.1  c.c.  of  a  24- 
hour  bouillon  culture  into  the  peritoneal  cavity  of  a  mouse  kills  the  animal  within 
three  hours.  The  blood  taken  from  the  heart  of  the  mouse  contained  the  organ- 
ism in  large  numbers.  Mice  inoculated  subcutaneously  with  very  small  doses 
developed  enlarged  glands  in  which  numerous  bacilli  were  again  found.  A  cul- 
ture rubbed  upon  the  shaven  skin  of  a  guinea  pig  produced  an  infection  of  the 
lymphatic  glands.    Pure  cultures  were  again  obtained  from  these  glands. 

From  the  fact  that  this  bacillus  is  morphologically  identical  with  the  bacillus 
pestis,  that  it  responds  to  the  crucial  test  of  Albrecht  and  Ghon,  and  that  it 
is  highly  pathogenic  for  laboratory  animals,  we  believe  it  to  be,  at  least,  closely 
related  to  the  bacillus  pestis.  Again,  from  its  frequent  presence  in  this  dis- 
ease it  would  appear  to  have  some  significance. 


ON  THK  DKTECTION  OF  SMALL  (QUANTITIES   OF   IRICHLOKOTFR- 

TIARY  BUTYL  ALCOHOL  (CHLORETONE)  IN  THE  FLUIDS 

AND  TISSUES  OF  THE  ANIMAL  BODY 


By  T.  B.  Aldrich,  Ph.D.,  Detroit,  Mich. 

CHL(Jl\KT(JNE  is  one  of  tlie  few  organic  drugs  which  (after  il^  administra- 
tion to  an  animal)  persists  as  such  in  tlie  Huid^  and  tissues  of  the  \>f)(\y  for 
any  length  of  time  after  being  absorbed,  while  its  slight  solubility  in  water,  its 
volatility  with  steam,  its  comparative  stability,  and  its  property  of  forming  nee- 
dle-like crystals  make  it  possible,  under  certain  conditions,  to  recognize  it  readily. 

In  a  previous  article  (Journal  of  Biological  Chemistry,  1918,  xxxiv,  263) 
I  have  given  a  method  for  detecting  small  quantities  of  chloretone,  either  alone 
or  when  associated  with  substances  that  interfere  to  a  certain  extent  with  its 
recognition,  and  which  lends  itself  admirably  to  the  detection  of  chloretone  in 
the  fluids  and  tissues  of  the  body  where  few  if  any  disturbing  factors  are 
present. 

In  the  stomach  or  intestinal  content,  in  the  urine,  or  in  certain  tissues  that 
grind  up  to  a  fine  pulp,  it  is  only  necessary  to  pass  steam  through  them,  but 
in  certain  tissues,  for  example,  the  blood  or  serum,  it  is  necessar}'  to  subject 
them  to  a  preliminary  digestion  with  pepsin  hydrochloric  acid  before  distilling 
with  steam,  since  coagulation  takes  place,  and  the  small  amount  of  chloretone 
usually  present  may  be  prevented  from  passing  over  with  the  steam. 

The  chloretone  may  be  administered  through  the  stomach  in  the  form  of 
tablets,  crystals  or  capsules  or  intraperitoneally  dissolved  in  water,  oil,  alcohol, 
etc.  Both  methods  of  administration  may  be  employed,  but  regardless  of 
method  employed,  the  animal  passes  under  the  influence  of  the  drug  vers- 
quickly,  the  rapidity  of  action  being  determined  by  the  method  of  administra- 
tion, the  condition  of  the  dog,  etc.  The  saturated  aqueous  solution  in  sufficient 
quantity  works  quite  rapidly  when  given  through  the  stomach,  the  rapidity 
being  influenced  by  the  quantity  of  food  in  the  stomach,  as  well  as  other 
factors. 

In  the  experiments  carried  out  the  dose  usually  exceeded  considerably  the 
M.L.D.  of  0.25  gm.  per  kilo.  The  smallest  dose  given  was  0.13  gni.,  the  larg- 
est 2  gm.  per  kilo  of  body  weight.  Since  the  dogs  were  to  be  killed  eventually, 
an  excessive  dose  could  be  given  without  danger,  as  the  animals  would  live  a 
number  of  hours  even  after  the  administration  of  a  large  excess  of  the  drug. 

Although  chloretone  has  been  recognized  in  the  fluids  and  tissues  of  the 
body  only  when  comparatively  large  doses  have  been  given,  it  is  to  be  presumed 
that  it  is  present  and  could  be  detected  when  small  doses  were  employed,  but 
then  only  in  lliose  organs  that  have  an  apparent  affinity  for  the  drug. 
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Briefly,  the  general  nietliod  of  procedure  consists  in  administering  to  the 
animal  according  to  weight,  a  suflicient  amount  of  the  drug  to  produce  com- 
plete anesthesia,  waiting  usually  from  two  and  a  half  to  three  and  a  half  hours 
(in  some  cases  longer),  hleeding  from  the  carotid  artery  (saving  the  defibri- 
nated  blood).  j)erfusing  with  saline  in  order  to  wash  out  the  remaining  blood 
so  far  as  practicable,  removing  the  organs,  reducing  them  when  necessary  to 
a  fine  pulp,  digesting  if  necessary  with  pepsin  HCl,  subjecting  to  steam  dis- 
tillation, boiling  distillate  (using  a  return  flow  condenser)  and  examining  the 
lower  third  of  the  cooled  portion  of  the  condenser  for  the  typical  needle- 
shaped  crystals  of  chloretone. 

Although  it  may  not  be  necessary  always  to  subject  the  pulp  to  steam  dis- 
tillation, or  to  a  preliminary  digestion  with  pepsin  hydrociiloric  acid,  it  is 
advisable  to  do  this  in  order  to  detect  the  smaller  amounts  of  the  drug.  When 
needle-shaped  crystals  are  noted  near  the  crest  of  the  condensing  steam,  or 
in  the  cooled  condenser,  becoming  evident  sometimes  only  after  removal  of 
the  flame,  the  presence  of  chloretone  is  positive. 

The  amount  of  chloretone  present  has  been  estimated  by  comparative  tests 
and  is  only  an  approximation. 

The  following  fluids  and  tissues  have  been  examined :  blood,  brain,  bile, 
heart,  intestine  and  contents,  kidneys,  liver,  lungs,  muscle,  pancreas,  spinal  cord, 
spleen,  stomach  and  contents,  urine  and  vagus  nerves. 

One  fact  stands  out  very  prominently :  the  nervous  tissue,  nearly  with- 
out exception  contains  chloretone  in  varying  amounts ;  while  it  is  very  fre- 
quently absent  from  die  other  tissues,  and  this  would  lead  us  to  the  supposi- 
tion, which  has  been  inferred  but  never  proved  relative  to  this  hypnotic,  that  the 
nervous  tissue  has  an  affinity  for  it. 

The  greater  part'  of  the  experimental  work  which  follows  was  carried  out 
a  number  of  years  ago  when  chloretone  w'as  first  marketed  as  a  hypnotic  and 
anesthetic ;  but  this  work  was  not  published  at  that  time.  Recently,  owing  to 
the  wide  use  of  the  drug  and  the  consequent  new  interest  aroused  in  it,  it  w'as 
thought  opportune  to  publish  this  older  data,  together  with  some  recent  experi- 
mental w^ork. 

EXPERIMENTAL 

A.     Recent  Work 

I.  Weight  of  dog  13.5  kg.  (Chloretone  administered  intraperitoneally.)  Sixteen  c.c. 
of  a  40  per  cent  alcoholic  solution,  or  6.4  gm.,  given  (0.47  gm.  per  kilo).  Dosed  8:00 
A.M.  (11/8/17)  going  under  in  J/^  hour.  Bled  at  8:30,  11/9/17,  80  c.c.  of  blood  being 
obtained.  Organs  removed  10:15  a.m.,  nearly  26  hours  after  the  administration  of  the 
drug. 

The  liquids  (blood,  stomach  contents,  and  urine)  were  tested  directly  by  placing 
in  a  suitable  flask  and  passing  steam  through  them.  When  about  100  c.c.  of  distillate 
had  passed  over,  it  was  boiled  over  a  free  flame  using  a  return  flow  condenser.  The 
solid  tissues  were  ground  very  fine  by  either  passing  through  a  grinder  or  rubbing  up 
with  sand  in  a  mortar  and  distilled  with  steam,  etc. 

It  will  be  noted  in  this  experiment  that  the  dog  died  26  liours  after  tlic  athninistra- 
tion  of  the  drug.     Presumably  most  of  it  had  been  destroyed. 
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(\)  I'.raiii   (\vt.  -46  Kill  )  Positive   (slight  trace; 

(2)  Blood   (80  c.c.  (kfil)riii:it((l)    XcKative 

(3)  lM!)rin 

(4)  lyiver 

(5)  LUHRS 

(6)  SyW'vn 

(7)  Stoinacli  contents 

(8)  Urine  Very  slight  trace  (?) 

II.  Wii.nlit  of  (lot;  S  Is.;.  Cliloretotic  ^'wQu  per  stomach;  3.2  gm.  of  chloretone  given 
in  capsules  at  1:45  p.m.;  at  4  I'.M.  2  gm.  given  in  40  per  cent  alcohol,  intraperitoneally. 
(0.65  gm.   per  kilo. ) 

At  4:10   P.M.   dog   bled    from   carotid   artery    (hlood   defihrinatcd) . 
two  and  a  half  hours  after  administration  of  drug. 

Method  of  procedure  same  as  in   T. 

mg.) 


Organs   removed 


Positive  (; 
Xegative 
Positive   (54  nig.) 
Negative 


Positive  (30  mg. ) 
Negative 


(1)  Brain  (wt.    72   gm.) 

(2)  Blood  (defibrinated)   (300  c.c.) 

(3)  Kidneys 

(4)  Liver 

(5)  Lungs 

(6)  Spleen   (enlarged) 

(7)  Stomach  contents 

(8)  Urine 

in.  Weight  of  dog  7.5  kg.  Chlorctnne  given  per  stomach;  7.5  gm.  given  in  capsules 
at  10:10  A..M.     (1  gm.  per  kilo.) 

Dog  was  completely  under  one  hour  later,  and  3^  hours  later  was  bled  from  the 
carotid  artery,  250  c.c.  of  blood  being  taken.  Warm  saline  solution  was  introduced  into 
the  femoral  vein  until  1200  c.c.  had  passed  through  and  the  wash  collected  from  the  carotid 
artery. 

Organs   removed  3^1    hours   after  administration   of  the   drug. 

The  stomach  contents  and  the  urine  w  ere  distilled  directly ;  the  remaining  organs 
were  ground  up  and  digested  with  pepsin  HCl  (250  c.c.)   for  two  days.     Badly  dccom(>oscd. 

The  absence  of  any  chloretone  in  all  of  the  digested  products  is  attributed  to  the 
fact  that  the  flasks  being  insecurely  corked  allowed  the  chloretone  to  escape,  and  putre- 
faction to  take  place. 

(1)  Brain 

(2)  Blood 

(3)  Heart 

(4)  Kidnevs 

(5)  Liver" 

(6)  Lungs 

(7)  Spleen 

(8)  Stomach  Contents 

(9)  Urine 

IV.  Weight  of  dog  11.5  kg.  Chloretone  given  per  stomach;  3  gm.  of  chloretone  in 
aqueous  solution  and  suspension  given  at  10:20  a.m. 

At  10:30  A.M.  5  gm.  of  chloretone  in  capsules  given   (0.7  gm.  per  kilo). 

Dog  gradually  became  completely  anesthetized  and  3  hours  after  the  last  dosing  was 
bled  and  perfused  with  about  two  liters  of  saline  solution.  Dog  died  and  autopsy  showed 
that  pressure  of  the  perfusing  fluid  had  been  so  great  that  it  had  caused  a  severe  pul- 
monarj^  hemorrhage. 

Organs  removed  3  hours  after  administration  of  drug.  The  urine  and  stomach  con- 
tents distilled  at  once ;  the  organs  digested. 


74  gm. 

Xes 

gative 

150   c.c. 

41  gm. 

21  gm. 

240  gm. 

67  gm. 

18  gm. 

50    c.c. 

Pos 

;itive 

60    c.c. 

Xei 

gative 

(1)  Brain 

(2)  Blood 

(3)  Heart 

(4)  Kidnevs 

(5)  Liver" 

(6)  Lungs 

(7)  Spinal  cord 

(8)  Spleen 

(9)  Stomach  contents 
(10)  Urine 


Positive   (50-100  mg.) 

Negative 

Very   slight  trace 

Positive   (ver\'  slight  trace") 

Xegative    (accident") 

Positive   (very  slight  trace) 

Positive   (5-10  mg.) 

Very  slight  trace 

Positive   (300  mg.) 

Negative 
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V.  Weig^lit  of  dog  9'/2  l<y-  Clilorctoiio  administered  per  stomaeli  ;  5  gm.  given  in 
aqueous  alcoholic  suspension   (250  c.c.)  by  means  of  a  stomach  tube.     (0.35  gm.  per  kilo.) 

Was  bled  from  the  carotid  artery,  just  three  hours  after  being  dosed.  The  brain, 
spinal  cord,  and  the  vagi  nerves  were  removed  three  hours  after  administration  of  the 
drug  and  ground  up  with  sand  and  each  digested  with  250  c.c.  of  pepsin  HCl  for  16  hours 
in  incubator  at  ?i7°  C.     Wbrked  up  in  the  usual  way. 

(1)  Brain  Positive  20  mg. 

(2)  Nerves  (vagi)  "  trace 

(3)  Spinal  cord  "  5  mg. 

B.     Older  Work 

VT.  Weight  of  dog  7  kg.  Chloretone  given  per  stomach;  300  c.c.  of  aqueous  chlore- 
tone  solution  0.8  per  cent  or  2.4  gm.  given  (0.33  gm.  per  kilo).  Went  under  in  1  hour. 
At  the  end  of  2  hours,  dog  bled  from  the  carotid  artery  (portion  of  blood  saved)  and 
an  unsuccessful  attempt  made  to  wash  out  the  residual  blood  from  the  body  with  saline 
solution. 

Contents  of  stomach  and   intestine    (ur[)per  part)    were  tested  directly. 

The  organs  were  removed,  washed  to  free  them  as  much  as  practicable  from  blood, 
and  then  ground  up  and  digested  several  days  with  pepsin  hydrochloric  acid,  500  c.c.  of 
0.4  per  cent  HCl  and  2  grn.  of  pepsin   (1:3000)   being  used  in  each  case. 

(1)  Brain  30  mg.  estimated 

(2)  Blood  40     " 

(3)  Heart  5     " 

(4)  Kidneys  Slight  trace 

(5)  Liver 

(6)  Lungs  None 

(7)  Muscle  Slight  trace 

(8)  Spleen 

(9)  Stomach  contents  500  mg. 
(10)    Intestinal    contents.  400  mg. 

VH.  Weight  of  rabbit  ^  kilo.  Chloretone  given  per  stomach;  1.5  gm.  of  chloretone 
given   (2  gm.  per  kilo).     Animal  died  soon  after. 

Brain  removed  and   freed  of  blood  as  much  as  possible  by  washing  in  water. 
Digested  in  pepsin  HCl  solution  for  5  days.     Treated  in  the  usual  way  with  steam,  etc. 

Brain  10  mg. 

VIIL  Weight  of  dog  6  kg.  Administered  per  stomach;  100  c.c.  of  0.8  per  cent 
chloretone  solution  given,  or  800  mg.  (0.13  gm.  per  kilo).  After  2  hours  cannula  was  in- 
serted into  carotid  artery  and  blood  washed  out  as  far  as  feasible  from  head  and  brain 
and  the  latter  placed  in  refrigerator  over  night. 

One-half  of   the  brain  was   reduced  to  a  pulp;   distilled   with   steam,   etc. 

The  other  half  was  reduced  to  a  pulp  and  digested  with  pepsin  HCl  (1  gm.  pepsin 
1:6000)    for  4  days. 

(1)  Brain   (direct)  Negative 

(2)  "       digested  40-60  mg. 

IX.  Weight  of  dog  11  kg.  Chloretone  given  per  stomach;  150  c.c.  of  0.8  per  cent 
chloretone  solution  given:  IVz  hours  later  250  c.c.  more  given;  finally  Y2  hour  later  250  c.c, 
6  gm.  in  all  (0.55  per  kilo). 

(1)  Brain  Crystals  of   chloretone   10  mg. 

(2)  Blood  Negative 

(3)  Heart    • 

(4)  Kidneys 

(5)  Lungs 

X.  Weight  of  dog  22^  kg.  Given  per  stomach.  Twenty  3-grain  chloretone  tab 
lets  and  500  c.c.  of  a  0.8  per  cent  solution  of  chloretone,  8  gm.  in  all    (0.35  gm.   per  kilo). 

In  half  an  hour  dog  was  completely  under.  Bled  from  carotid  artery  (200  c.c.  blood 
obtained).     Stomach  and  bladder  removed. 
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(1)  Hlood  I'usilivc 

(2)  vStoniacli  cuntciit^ 

(3)  Urine  Nc^Mtivc 

XI.  Wci.i;Iil    "I'    <1<>K   6-4    kj,'-      Clilorclniic    rulministtTcd    per    stomach;    320    c.c.    of    0.8 
per  cent  clilorctom-  snlnlion  or  2.56  k"i.  total   (0.4  ^m.  per  kilo).     Killed  after  2  hours. 
Removed    organs   after    washing   out    with    saline    solution. 

(1)  I  ".rain  10  mg. 

(2)  F.lnod  3-4  mg. 

(3)  Heart  2  mg. 

(4)  Intestinal  vsall  Negative 

(5)  Intestinal  contl•nl^      0.5  mg. 

(6)  Kidneys  5  mg. 

(7)  Liver  '  10  mg. 

(8)  Lungs  1  mg. 

(9)  Pancreas  Negative 

(10)  Spleen  Negative 

(11)  Stomach  5  mg. 

(12)  Stomach   contents  150  mg. 

(13)  Urine  Negative 

XIL  Weight  of  dog  9  kg.  Chloretone  administered  per  stomach;  350  c.c.  of  0.8 
per  cent  chloretone  solution  or  2.6  gm.   (0.29  gm.  per  kilo)   given.     Killed  after  l]^  hours. 

Brain  removed  and  worked  up  in  the  usual  manner.  One-half  distilled  direct  with 
steam;  the  other  half  distilled  after  digestion  with  pepsin  HCl. 

Blood  and  urine  were  also  tested. 

(1)  Brain  50  mg.   (100  mg.  total) 

(2)  Brain  (digested)  2.3  mg. 

(3)  Blood  (digested)  5  mg. 

(4)  Urine  tested  for  acetone  Negative 

XIIL  Weight  of  dog  9  kg.  Administered  per  stomach.  Had  been  used  for  digitalis 
work.  Two  hundred  fifty  c.c.  of  chloretone  solution  0.8  per  cent  given,  or  2  gm.  (0.22 
gm.   per   kilo).     Killed  after  3^   hours. 

Brain  divided   into  two  portions  and  treated   in  the  usual  manner. 

Heart  and  muscle  also  tested  after  digestion. 

(1)  Brain   (digested)  2-3  mg.   (4-6  mg.  total) 

(2)  Brain  (undigested)  Negative 

(3)  Heart   (digested) 

(4)  Muscle   (digested)  1  mg. 

XIV.  Wt.  of  dog  9  kg.  Administered  per  stomach.  Had  been  used  for  digitalis 
work. 

Three  hundred  seventy-five  c.c.  of  chloretone  solution  0.8  per  cent  given;  250  c.c. 
given  at  first,  did  not  go  under,  later  125  c.c.  given  (0.33  gm.  per  kilo).  Went  under  then 
in  a  few  minutes.  In  about  5  hours  brain  removed,  ground  fine  and  divided  into  two 
portions— one  portion  was  digested  in  the  usual  manner.  The  other  portion  was  treated 
at  once. 

(1)  Brain    (digested)  Positive  5  mg.   (10  mg.  total) 

(2)  P.rain   (undigested)  Negative 

XY.  Gave  dog  chloretone  in  aqueous  solution  0.8  per  cent  0.2  gm.  per  kilo  of  body 
weight  (per  stomach).  Killed  two  hours  after  administration  by  bleeding.  Blood  washed 
out  of  circulatory  system  by  saline  solution  before  removal  of  organs.  Organs  washed 
also  after  removal.     Blood  was  saved  and  tested  for  chloretone. 

Organs  ground  fine  and  digested  for  48  hours  in  500  c.c.  of  water  -^  5  c.c.  HCl  (con.) 
and  2  gm.  of  pepsin  U.S. P.  at  a  temperature  of  38°  to  40°  C.  Each  digestive  mixture  was 
distilled  with  steam,  etc.,  in  the  usual  way. 
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(1)  Brain 

(2)  Blood 

(3)  Bile 

(4)  Heart 

(5)  Intestinal  walls 

(6)  Intestinal  coritents 

(7)  Kidneys 

(8)  Liver' 

(9)  Lungs 

(10)  Pancreas 

(11)  Spleen 

(12)  Stomach 

(13)  Stomach  contents 

(14)  Urine 

XVI.  Gave  dog  same  amount  as   in  X\ 
(1)   Brain 


WEIGHT  GM.  chlorktone; 

59  20-30  mg. 

Negative 
Mere  trace 
85  10  mg. 

100  mg. 
30  mg. 
50  10  mg. 

234  Negative 

120  100  mg. 

Negative 
2)1  5  mg. 

20  mg. 
1900  c.c.  250  mg. 

Negative 

all   conditions  same. 
20-30  mg. 
Negative 


(2)  Blood 

(3)  Bile   (did  not  save) 

(4)  Heart  10   mg. 

(5)  Intestinal  wall  100  mg. 

(6)  Intestinal  contents  10   mg. 

(7)  Kidneys  10  mg. 

(8)  Liver  Slight  trace 

(9)  Lungs  Negative 

(10)  Pancreas  " 

(11)  Spleen  5  mg. 

(12)  Stomach  2  mg. 

(13)  Stomach   contents  300  mg. 

(14)  Urine  Negative 

XVII.  Weight  of  dog  8.2  kg.  Administered  per  stomach;  continual  dosage.  Four 
tablets  daily  (3  grains)  2  in  morning  and  2  in  afternoon  or  total  of  60  grains  =  4  gm. 
(0.50  gm.  per  kilo). 


DATE 

6/29  A.M. 

P.M. 

6/30  A.M. 

P.M. 

7/1 

V2> 
7/5 
7/6 


WEIGHT 

8200  gm. 
8640     " 


A.M. 
P.M. 
A.M. 
P.M. 
A.M. 
P.M. 
A.M. 


9090 

86-10 
7730 
6000 
6400 


PULSE 

96 
132 
144 
156 
168 
168 
120 
168 
136 


TEMP. 

103.2 
101.4 
101.4 
101.0 
101.2 

99.8 
1044 
100.0 
101.4 


DOSE 

6  gr. 


REMARKS 


"  Weak,  does  not  eat. 

"  Does  not  stand. 

....  Found  dead.  - 

POSTMORTEM 
Dog  had  been  dead  overnight  and  it  was  consequently  difficult  to  distinguish  anything 
abnormal  during  life  from  postmortemi  signs.     Bladder  greatly  distended,  containing  240  c.c. 
of  urine.     Acid  in  reaction.     Sp.  g.  1.030.     Cloudiness,  probably  mucus  or  phosphates.     The 
organs  were  ground  up  and  treated  in  the  usual  way  after  digesting  with  pepsin  HCl. 

(1)  Brain  1    mg. 

(2)  Blood  Negative 

(3)  Heart  Very  slight  trace 

(4)  Kidneys  Trace 

(5)  Liver  Spoiled,  not   worked   up 

(6)  Lungs 

(7)  Spinal  cord  Negative 

(8)  Spleen 

(9)  Stomach  contents  1  mg. 
(10)   Urine                                            Negative 


i)i;ti;(  Tlox  oi-  sm  \i.i,  or  wtitiks  oi-  cMLokr/roNK  4.^1 

Will.  \\  ii:-;lit  ol  (loi;  3.5  l<ilo.  Clildic  tone  uiviii  per  '.tdmacli ;  300  «.-.c.  clil'»retonc 
s<ilii(iciii  O.N  |iir  (lilt.  AiH'^llicti/cfl  ill  5  mimiU-s.  \\';is  killed  at  the  ciul  of  two  hours  liy 
lilcidiii.t;.  I'IikkI  sa\((l  .iikI  nri^.iiiN  removed  frnni  tlu-  horiy  niui  freed  from  blood,  so 
far  as  ]l()s^il)ll•  ii\  wasliinu;  first  with  saliiic  and  tliiii  with  hydr.'iiit  writer.  Dij^'e-ted  with 
in|i--iii    I  K"l    ti  If   a    few   da>s. 


(1)    r.raiii 

20-30  niK. 

(2)     Jilu.Hl 

20  mg. 

(3)    Heart 

1  mg. 

(4)    Intestinal  coiit 

ents 

Negative 

(5)    Kidneys 

3-4  mg. 

(6)   Liver 

Xesativc 

(7)   Lungs 

1    mg. 

(8)   vSpinal   cord 

? 

(9)    Spleen 

? 

(10)    Stomach   conte 

Ills 

30  mg. 

(11)   I'rine 

Negative 

XIX.  Weight  of  dog  11  kilo.  Ciiloretonc  given  per  stomach;  600  c.c.  of  chloretone 
solution  ().(S  ]ier  cent  .given,  or  4.8  gm.  (0.44  gm.  per  Idlo).  .-\nesthetized  in  5  minutes. 
Remained  under  all  (la\,  sleeping  quietly.  Killed  6^2  hours  after  drug  was  given.  Bled 
from  carotid  artery  and  vascular  svstem  washed  out  with  several  gallons  of  normal  saline 
solution.  Dog  was  still  breathing  while  perfusion  was  carried  on.  The  organs  were 
thus  quite  thoroughly  washed  free  from  blood.  The  following  organs  were  removed, 
further  wTished  with  saline  solution  and  tested  for  chloretone.  Each  organ  was  cut  into 
small  pieces  and  digested  with  pepsin  HCl. 

It  was  thought  that  washing  out  the  organs  removed  the  chloretone,  still  there  was 
no  chloretone  found  in  blood  before  washing,  or  the  drug  may  have  been  eliminated 
in  6^2  hours.     TIw  (ir(/<iiis  'zccrc  incoiiif^Irti-ly  digested. 

(1)  Brain  Negative 

(2)  Blood  Negative 

(3)  Heart  Xegative 

(4)  Kidneys  Xegative 

(5)  Liver  Negative 

(6)  Lungs  Slight  trace    (?) 

(7)  Spinal  cord  Xegative 

(8)  Spleen  Negative 

(9)  Stomach  contents.                       Negative 
(10)   LTrine  Xegative 

The  presence  or  absence  of  chloretone  in  tlie  snininary  tal)le  is  indicated 
by  the  plus  (+)  or  minus  (-)  sign.  Where  the  space  is  blank  the  organ 
was  not  tested;  and  where  a  positixe  sign  is  followed  1)V  a  number  the  latter 
indicates  the  estimated  amount  of  chloretone  in  mg.  while  the  letter  (t'l  or  a 
question  mark  (?)  indicates  a  trace  or  a  questionable  trace.  In  the  fifth 
column  the  letter  /•  following  "bled"  shows  that  the  animal  was  perfused; 
while  in  the  fourth  column  "time  elajised"  is  the  umc  intervening  l)etween  the 
commencement  of  administration  and  the  death  of  the  animal.  In  II  the 
drug  w  as  administered  per  stomach  and  inlraiieritoneally  :  in  I  intraperitoneally 
only;  in  all  others  per  stomach. 

An  examination  of  ihe  table  show -,  that  cliloretone  is  uniformly  ]iresent 
under  varying  conditions  in  the  brain  and  in  larger  amounts  and  more  con- 
stantly than  in  any  other  organ  of  the  body,  where  the  organ  is  taken  in  its 
entirely,  there  being  all  the  \\a\-  friun  a  trace  to  100  mg.  ov  an  average  oi  about 
24  to  2.S  mg. 

\\  hen   this   mea,  ure   is   applied   to   the  other  organs   a.nd   fluids   we   tir.il   the 
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brain  contents  is  only  exceeded  l)y  the  intestine  and  intestinal  and  stomach 
contents.  Here  we  would  naturally  expect  to  find  an  abundance  of  the  drug 
(when  given  per  stomach)  depending  on  the  amount  administered,  the  length 
of  time  before  the  animal  is  killed,  etc.  Leaving  these  latter  out  of  con- 
sideration, we  find  that  the  brain  contains  several  times  as  much  as  the  other 
organs.  Perfusion  does  not  apparently  lower  the  chloretone  content  of  the 
organs. 

In  most  of  the  experiments  the  organs  were  digested  with  pepsin  hydro- 
chloric acid  and  this  procedure  usually  increased  the  amount  of  chloretone 
obtained.  The  only  exceptions  are  found  in  III  and  XIX  where  decomposi- 
tion had  taken  place  during  digestion  in  the  former,  and  where  incomplete 
digestion  was  found  in  the  latter.  In  one  instance  (XII),  the  half  of  the 
brain  digested  contained  less  chloretone  than  the  half  undigested. 

It  will  be  noted  that  in  I  only  a  trace  of  the  drug  was  found  in  the  brain 
and  none  in  the  other  organs.  Since  the  organs  were  removed  26  hours  after 
dosing,  it  is  to  be  presumed  that  the  chloretone  had  been  destroyed  or  eliminated. 

In  II  a  portion  of  the  drug  was  given  intraperitoneally  dissolved  in  al- 
cohol and  its  presence  in  only  a  small  amount  (0.5  mg.)  in  the  brain  after 
2^/2  hours  is  explained  by  presuming  that  insufficient  time  for  its  absorption 
had  been  allowed. 

In  XVII  84  hours  had  elapsed  which  would  account  for  the  presence  of 
only  1  mg.  in  the  brain;  while  when  we  come  to  XIX,  we  find  that  the  organs 
were  very  incompletely  digested  and  that  a  rather  long  period  of  time  (6y2 
hours)   had  elapsed. 

In  the  spinal  cord  the  drug  was  uniformly  present  except  in  XVII  and 
XIX  where  the  reason  for  its  absence  can  be  explained.  In  the  \agi  nerves 
the  drug  was  found  positively  in  V,  the  only  one  tested. 
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It  must  be  kept  in  mind  also  that  idiosyncrasy  plays  a  part  in  relation  to 
this,  as  well  as  all  other  drugs,  and  may  explain  some  of  the  variations  in 
amount  obtained  in  the  tissues. 

The  experimental  data  ahoxe  emphasizes  the  fact  that  the  nervous  tissue, 
especially  the  brain,  seems  to  have  a  selective  action  for  chloretone  which  would 
explain  the  hypnotic  and  anesthetic  properties  of  the  drug  in  a  large  measure. 
vSo  far  as  I  am  familiar  with  the  literature,  this  is  one  of  the  comparatively  few 
instances  in  which  the  presence  of  drugs  has  been  positively  proven  in  the  nerv- 
ous tissues,  although  this  has  generally  been  assumed  for  a  long  time,  and  it  is 
only  possible  in  this  case  on  account  of  the  specific  properties  of  chloretone. 

The  experimental  data  raises  the  question  also  of  the  selective  action  of 
hypnotics  and  anesthetics  as  well  as  other  drugs,  but  places  beyond  dispute  the 
selective  action  of  this  drug  for  the  cells  of  nervous  tissue,  and  makes  probable 
the  assumption  of  the  selective  action  of  other  drugs  for  the  tissues. 


BENIGN  TUMORS   OK  THE   INTESTINE;   WTl'll  A  REPORT  OF  NINE 

ADDITIONAL  CASES='= 

Bv  G.  L.   I\()1ii)i:mu'rg,  ]\I.I).,t  Nrw   York  Citv 

BI-!\'1(V\  tumors  of  iIr'  intestine  are  of  infrecjuent  occurrence,  as  is  shown 
1)\-  W  illianis.'  who  in  15.481  cases  of  tumor  found  the  intestine  involved 
hut  99  limes,  an  incidence  of  one-half  of  one  per  cent.  Of  these  tumors,  98 
were  carcinomata  and  one  a  sarcoma,  no  henign  tumors  being  found.  King-, 
((uoting  the  Mayo  rejvorts,  states  that  hut  8  cases  of  true  solitary  intestinal  tumors 
occurred  in  the  course  of  44.()54  la])arotomies. 

The  most  recent  summary,  that  (jf  King.-  i)laces  the  total  number  of  mi- 
croscopically confu'med  cases  on  record  as  124.  King's  summary  is  not  com- 
l)lete  since  he  has  omitted  reference  to  Stetten's''  two  cases  of  submucous 
lipoma,  and  to  the  latter  author's  summary  of  149  cases  of  this  type.  A  myoma 
recorded  by  \\"ood^  is  also  not  mentioned.  In  addition  to  these  we  can  re- 
call two  cases  of  fibroma,  one  reported  by  Moschcowitz,  and  another  rejiorted 
by  Elliot,  both  of  which  were  confirmed  microscopically;  unfortunately,  however, 
fhe  exact  references  are  not  a\ailable.  In  addition  to  King'"s  summary  there  are 
several  other  papers  of  interest,  notably  the  first  collection  of  cases  by 
Heartaux,"'  and  others  of  more  recent  date  by  Dewis."  James  and  Sa]ipington," 
Voeckler,^  and  one  not  quite  so  recent  by  Adami." 

Accepting  King's  summarv  as  accurate  for  ail  practical  purposes,  we  find 
the  ^■arious  tumor  t_\pes  distributed  as  follows:  fibromata,  16;  adenomata,  17; 
myomata,  45;  lipomata,  29;  angiomata,  3;  teratomata,  2;  fibromyomata,  3;  neuro- 
fibromata,  3 ;  fibroadenomata,  2.  Forty-six  of  these  tumors  occurred  in  males, 
the  age  periods  ranging  between  17  and  7S  years,  while  61  occurred  in  females, 
the  ages  varying  between  13  months  and  83  years.  The  distribution  in  the 
intestinal  tract  was  as  follows:  duodenum,  5;  jejunum,  8;  ileum,  24;  ileocecal 
region,  3;  appendix,  1;  colon,  22;  rectum,  36;  vaguely  located,  as  small  in- 
testine or  intestine,  21.  Two  things  are  apparent  froni  this  summary;  first, 
that  these  tumors  are  more  common  in  the  female  ;  second,  that  they  are  most 
common  in  the  rectum  and  colon.  There  is  no  apparent  characteristic  age  in- 
cidence. 

The  clinical  symptoms  to  which  th.e  benign  growths  give  rise  are  of  a 
most  indefinite  character.  Not  at  all  infrecjuently  the  growths  are  accidental 
finds  at  operation  or  autopsy.  Occasionally  they  give  rise  to  vague  intestinal 
symptoms  or  to  intestinal  hemorrhage.  The  most  frequent  symptom  is  an  in- 
testinal obstruction  due  either  to  an  actual  blockade  of  the  intestinal  canal  by 
the  bulk  of  the  tumor,  or  to  an  intussusception. 

Analogous  tumors  occur  in  animals,  Bullock  having  observed  one  such 
case  at  the   Crocker  Laborator}- ;   I   am   indebted  to  him   for  permission  to   re- 


*()f  the  cases  rciiortc-d  in  this  ]]a|icr.  Cases  1  ami  4  were  observed  iv.  Lincoln  Hospital,  the  remain- 
ing seven    occurring   at   the   L,eno.\    Hill    Hosintal. 

t.Attending  Pathologist,  Lincoln  llosiiital  and  Hume,  Acting  Attending-  I'atholonist,  I.enox  Hill 
llns;.i;al. 


I'.i'NIC.N     TIMOIvS    Ml     Tin;    INTKSTI  M", 


435 


poll  ihi-  iiistaiiic  ill  tin-  iirr-i'iil  p.i])^-!-.  Tlu-  lumor  \v:i>  fouiul  at  autop^y  in 
a  lull  i^mwii  ral  and  was  imicd  a^  a  locali/.i-d  tliickciiiiij,'  oi  the  ileum  nieasur- 
ii,u  3  nini,  ill  dianu'lcr.  M  icntsidiiii-  fxaniinatioii  -bowed  it  U)  be  a  hhr«>ma, 
which  prohahK  arose  hoin  t!u'  coiiiHTtix  e  ti-MU-  of  the  suhmucosa  (\'\^.  1). 
W  hilr  lln-  i'l-uri--  oi  the  Mayo  rlinic  K'^e  an  iiuhcation  of  the  infreqnency 
of  llu'-e  Uiiiior  IvprN.  u>in^  a-  a  -landard  all  ahfloiiiinal  operations,  a  much 
niori'  accuratt'  c-limale  ran  he  formed  hv  con-iderinj^  their  incidence  in  all  in- 
testinal tumors.  The  material  available  at  the  two  in>titutions  with  which  the 
writer  i>  connected  compi'is<^"s  .V.5  intestinal  tumcjrs,  of  which  345  were  car- 
cinomata.  3  sarcomata,  8  simi)le  ]'olyp>,  3  lil)romata,  2  lipomata,  1  myoma,  3 
adenomata.  Kxcludin,u  the  polypoid  .i^rowths,  there  were  9  benign  tumors,  an 
incidence  of  2.4  ])er  cent.  Of  the  two  lipomata  in  the  present  series,  one  occurred 
in  the  a])i)endix,  and  one  in  the  ileum,  both  beinj,^  of  the  submucous  variety. 


,«v>. 


I'ig.    1. — Vilir'nia     >!     i.;i     intestine. 

C\SE  1.— Service  of  Dr.  S.  Erdnian.  The  patient,  a  male,  aged  thirty-seven  years. 
wa^  brought  into  the  hospital  with  a  diagnosis  of  intestinal  obstruction.  At  the  laparotomy 
an  intussusception,  involving  approximately  25  cm.  of  the  ileum  ^t  about  its  middle,  ^vas 
found      The  gut  was  resected  and  the  patient  made  an  uneventful  recovery. 

Upon  opening  the  removed  section  of  gut,  the  cause  of  the  intussusception  ^vas 
found  to  be  an  encapsulated,  soft,  yellowish,  ovoid  tumor  measuring  6  cm.  in  its  longest 
diameter.  This  growth  was  rituated  beneath  the  mucosa.  Histological  examination 
showed  a  typical  lipoma  lying  between  the  suhmucosa  and  muscularis  layers  of  the  intes- 
tinal wall.     The  mucous  membrane  over  it  was  partially  necrotic. 

C.\sE  2.— Service  of  Dr.  F.  Torek.  The  patient,  -a  male,  a-ed  thirty-five  years,  was 
admitted  to  the  hospital  with  the  history  and  symptoms  usual  to  an  attack  of  appendicitis. 
He  was  successfully  operated  upon  and  made  an  uneventful  recovery. 

The  appendix  showed  in  the  gross  the  common  changes  of  "an  acute  suppurative 
inflammation,  and,  upon  being  opened,  showed  directly  beneath  the  mucosa  2  mm.  from 
the  tip.  a  circumscribed,  yellow,  ovoid  mass,  measuring  4x3  mm.  in  diameter.  This  mass 
upon  microscopic  examination  proved  to  l)e  a  submucous  lipoma  in  which  there  were 
marked   acute   inflammatory   changes. 

The  one  case  of  mvoma   in  the  present   series   occurred   in   the   jejunum. 

C.\SK  3.— Service  of  Dr.  Willy  Meyer.  A  male,  aged  thirty-four  years,  was  brought 
into  the  hospital  suffering  from  a  profound  anemia  subsequent  to  a  violent  intestinal 
hemorrhage.  At  operation  the  only  discoverable  cause  for-  this  hemorrhage  was  a  tumor 
of  the  jejunum  located  approximately  30  cm.  from  the  end  of  the  duodenum.  The 
portiim  of  the  intestine  bearing  the  tumor  was  resected  and  the  patient  made  an  unevent- 
ful   recoverv. 
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Tlu-  ^ross  specimen  consisted  ni  a  section  o\  the  small  intestine  13  cm.  in  length. 
About  one-third  of  the  distance  from  llie  one  end,  there  was  an  egg-shapped  mass  with  its 
long  axis  at  ii;ht  ani^les  to  the  long  diameter  of  the  intestine.  The  mass,  which  measured 
5x3  cm.,  i)rojected  fur  ahout  two  thirds  of  its  hulk  beyond  the  normal  intestinal  wall  and 
was    covered    by    serosa.     The    consistency    of    the    new    growth    was    elastic,    and     section 


. — Myoma    of   jcjuninn. 


through  it  showed  it  to  be  of  uniform  structure  and  red  in  color.  Microscopic  examina- 
tion (see  Fig.  2)  showed  the  tumor  to  be  encapsulated  and  covered  by  mucous  membrane. 
The  tumor  itself  was  composed  of  interlacing  bundles  of  smooth  muscle  fillers,  which 
were    moderately    infiltrated    with    polymorphonuclear    leucocytes.     The    tumor    had    arisen 
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1 1  Mill    tlic   iuiu  I    l.i\(i    (ii    iiiiisi  Ic,    tli(    outer   layer   ihoiigli   mucli    thinned   being    still    intact. 

Ol  tlic  llmt  liliKiinat.i  iii  ilir  present  series,  one  (tccurred  in  the  rectum,  the  other 
lu'i   occurring   in   the   ilriim. 

Cask  4— Sir\ii(  oi  I  )r.  !•.  Il\nii.  A  female,  aged  twenty-five  years,  was  admitted 
to  the  hospital  idinphiiniiiK  ol'  intermittent  attacks  of  intestinal  hemorrhage,  some  of 
whuli  were  rathir  sr\  i  re.  I'iiysieal  examination  sliosved  a  pedunculated  growth  situated 
appro.\imatel\    13   em,    t'rom    the   anu^. 

I'Ik'  gross  si)ecimen  consisted  of  an  o\  ()i(!-sliai)ed  mass  measuring  3^1  cm.  in 
(lianu'ter.  'i'liis  mass  was  attaciied  to  a  small  fragment  of  the  rectum  by  a  short  narrow 
pedu'le.  .Microscopic  examination  slu)v\ed  tlu-  nef)plasm  to  he  composed  of  interlacing 
hundles  of  eonneetivt'  tissue  lihrils  with  a  scanty  cellular  content.  Covcrin^?  this  con- 
nective tissue  was  a  somewhat  atrophic  mucosa  which  i)resented  areas  of  ulceration.  The 
entire  tumor,  i>articularly  just  hencath  the  inucosa,  was  infiltrated  with  [)olymori)honuclear 
leucocytes. 

C/\SK  5. — Service  of  Dr.  \\ill\  .\Ie\er.  This  case  occurred  in  a  male,  agerl  fifty- 
two  years,  who  was  admitted  to  the  hospital  with  the  clinical  symptoms  of  intestinal 
obstruction.  I'lion  operation  a  large  portion  of  the  ileum  was  found  to  be  involved  in 
an  intussusception.  The  intussusception  was  resected.  The  patient  died  of  fmeumonia 
live   weeks   after   operation. 

The  gross  specimen  consisted  of  a  section  of  the  ileum  measuring  70  cm.  in  length. 
.\t  about  the  middle  of  the   section  of  gut,  the  wall  had   been   opened   and  there  projected 


Fig.  4. — Fibroma  of  ileum. 

a  ]ie(lunculate(l  firm  mass,  white  in  color  and  very  resistant  to  section.  This  mass  meas- 
ured 0-4  cm  in  diameter.  Microscopic  examination  (see  Fig.  3)  of  the  growth  showed 
it  to  consist  of  a  very  edematous  connective  tissue  markedly  infiltrated  with  polymorpho- 
nuclear leucocytes.     Covering   the   growth   was  a   very   much   necrosed   membrane. 

Case  6. — Service  of  Dr.  Kammerer.  This  case  occurred  in  a  male  aged  forty  years, 
who  was  admitted  to  the  hospital  with  a  diagnosis  of  intestinal  obstruction.  An  intussuscep- 
tion of  the  lower  portion  of  the  ileum  was  found  at  operation,  .\fter  resection  of  the  intus- 
susception, the   patient   made   an   uneventful   recovery. 

The  gross  specimen  consisted  of  a  segment  of  the  small  intestine  and  mesentery, 
which  measured  70  cm.  in  length.  The  lumen  of  the  distal,  13  cm.  of  which  was  composed 
of  ileum  had  been  incised  longitudinally.  In  this  portion  of  the  lumen  there  was  a  large 
pear-shaped  tumor  approximately  10  x  6  cm.  in  diameter.  The  smaller  end  or  pedicle  of 
the  tumor  was  attached  to  the  wall  of  the  gut  20  cm.  from  the  ileocecal  valve.  The  mucosa 
covering  the  tumor  was  ulcerated.  Microscopic  examination  (see  Fig.  4)  showed  the 
tumor  to  be  a  rather  cellular  fibroma  composed  of  small  spindle  and  stellate  cells  separated 
by  a  relatively  large  amount  of  fibrillar  intercellular  substance.  These  were  arranged  in 
irregular  bundles  and  in  the  neighborhood  of  the  blood  vessels  showed  concentric  lamella- 
tion.  The  surface  of  the  growth  was  superficially  infiltrated  by  polymorphonuclear  leu- 
cocytes. In  regions  where  the  mucosa  was  still  present,  it  rested  directly  upon  the  tumor 
substance  which  appeared  to  be  directly  continuous  with  the  stroma  of  the  mucosa. 

Of  the  three  adenomata  reported  in  this  paper,  two  were  found  in  the  rectum,  and 
one   in   the   ileum. 
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Cask   7. Sorvici'   "l'    I  )r.   Oasllcr.     Tliis   casi'    nccurri,(l    in    a    Innalr,   a.m-d    liirt\-   years^ 

who  was  a(lniitt(.'(l  In  tlu-  liospiial  ciiniplainiii!;  of  rectal  luniiTvliai^cs.  l'h\ -ical  examina- 
tion sliowcil  a  .iiniwtli  in  lUc  nppcT  iiorlinn  of  tlic  rrclnni.  Tliis  was  removed  and  the 
patient     made    an     nne\enllnl     recovery. 

The  gross  specimen  consisted  of  a  soft  canhtlower-like  mass  measnrin;.;  3x1  cm. 
in  diameter.  Microscopic  examination  (sec  I'ig.  5)  sliovved  the  growth  to  he  composed 
of  fairlv  tvpical  appearing  ghmdnhtr  acini  for  tlie  most  part  straight  and  Uned  hy  epithehum 
wliicii  everywhere  rested  on  a  distinct  liasement  membrane.  Beneath  the  epithehal  por- 
tion, the  mnscnlaris  mncosa  was  intact  and  the  siihmncosa  showed  no  epithehal  invasion. 

Cask  8. — Service  of  Dr.  Torek.  This  case  occnrred  in  a  male  of  thirty-seven  years^ 
who  was  admitted  to  the  hospital  cnmplaining  of  persistent  rectal  hemorrhages.  A 
liednnculated  growth  situated  approximately   12  cm.  from  the  anus  was  found  at  operation. 

The  gross' specimen  consisted  of  a  soft  villous  mass  measuring  5x4<1.5  cm.  It 
was  of  purplish  red  color  and  irregularly  divided  into  lobules.  On  the  surface  were 
numerous  long  finger-like  projections  running  in  all  directions.  On  section  the  interior 
contained  a  narrow  core  of  connective  tissue  from  which  the  villi  projected  in  all  directions. 
Microscopic  examination  (see  Fig.  6)  showed  the  covering  of  the  villi  to  consist  of  an  irreg- 
ular layer  of  mucous  mem'brane  composed  of  irregular  glandular  acini  and  epithelial  papilhe. 
The  epithelium  covering  the  papilKx  and  lining  the  acini  was  of  the  high  columnar  type  and 
in   nian\    jilaces   was   laid   down    in.    se\  era!    super-imposed   layers.     The   glandular    structures 


Adenoma    of    rectum. 


Fig.  6. — Adenoma  of  rectnm. 


were  sharply  limited  to  the  surface,  the  connective  tissue  core  in  the  interior  being  entirely 
free  from  invasion.  In  the  core  there  was  a  rather  marked  chronic  inflammatory  round- 
cell   infiltration. 

Case  9.--Service  of  Dr.  Stetten.  This  case  occurred  in  a  male,  forty  years  of  age, 
who  was  admitted  to  the  hospital  with  a  persistent  abdominal  sinus  following  appen- 
dectomy. At  operation  the  usual  appearance  of  a  persistent  sinus  was  found  and  in  addi- 
tion, a  small  rounded  mass  about  the  opening  in  the  gut.  This  mass  measured  2  cm.  in 
its  greatest  diameter.  Microscopic  examination  of  this  mass  showed  a  chronically 
inflamed  granulation  tissue  on  the  surface  of  which  were  found  many  irregular  gland 
spaces  lined  by  columnar  epithelium  which  in  some  places  was  several  layers  thick.  Some 
of  these  glandular  spaces  were  dilated  and  filled  with  mucous.  The  deeper  portions  of  the 
mass   were    free    from   epithelial    invasion. 
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ME  standard  ust-d  in  Xessler's  niellmd  «»t  niir<),!L;cn  determination  consists  of 
ammonium  sulpliate  and  Xesslei-">  reagent.     Tliis  standard  ha>  tlie  follow- 
ing disadvantages  : 

1.  The  ammonium  sulpliate  solution  becomes  weaker  with  time,  its  con- 
centration decreasing  noticeably  in  as  short  a  time  as  three  weeks. 

2.  Xessler's  reagent  when  prepared  according  to  instructions  given  in  most 
laboratory  manuals  on  clinical  work  causes  a  ])recipitate  in  the  solution.  This, 
however,  can  be  avoided  by  using  Folin's  modified  reagent.'  So  far  as  our 
tests  arc  concerned  the  solution  never  became  cbnuly  when  this  reagent  was 
ap[)lied. 

3.  The  standard  frequently  begins  to  darken  within  eight  minutes.  A  cor- 
rection for  the  increase  in  color  of  the  standard  is  impracticable  as  the  change 
is  irregular.  Direct  comparison  of  an  old  standard  with  a  fresh  one  shows  an 
increase  in  concentration  sometimes  up  to  5  m.  in  half  an  hour,  at  other  times 
showing  only  an  increase  of  1  m.  in  three  hours.  A  standard  can  be  used  for 
only  eight  minutes  with  perfect  safety.  Tn  clinical  laboratories  where  a  large 
number  of  tests  are  to  be  carried  out  in  as  short  a  time  as  possible,  it  is  a 
great  disadvantage  to  be  compelled  to  change  the  standard  after  two  readings. 

Accordingly,  for  clinical  work  we  suggest  the  blood  sugar  standard :  picra- 
niic  acid.  (Dissolve  0.1  gm.  of  picramic  acid  and  0.2  gm.  of  anhydrous  sodium 
carbonate  in  30  c.c.  of  warm  distilled  water  and  dilute  to  1  liter.) 

This  standard  has  excellent  qualities  : 

1.  The  color  is  ])ractically  permanent.  On  comi)aring  a  solution  of  picramic 
acid  made  up  two  years  ago  with  a  freshly  i)repared  solution,  we  found  only  a 
slight  decrease  in  concentration,  0.0()37()  gm.  instead  of  0.0640  gm.  \  ery 
likely  this  difference  is  due  to  an  ina voidable  inaccuracy  in  weighing.  The 
lapse  of  time  in  this  instance  was  greater  than  in  any  other  test.  In  other  in- 
stances the  lapse  of  time  was  1.  2.  3,  4,  up  to  (>  months.  The  result  was  sub- 
stantially the  same. 

2.  All  color  comparisons  in  which  Xessler's  test  can  be  used,  can  just  as 
readil\'  l>c  made  by  picramic  acid. 

3.  The  main  advantages  are  in  the  saving  of  time  and  absence  of  disturb- 
in^^  factors.     During  the  int^uenza  epidemic  we  made  simultanemis  analysis  of 

*From    the    Chemical    I.ahorato.y.    Department    of    Medicine.    University    of    Minnesota.    Minneapolis. 
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a  liii;h  muiilior  of  Idootls.  Wo  rcco^nizi-d  the  s^Tcat  value  of  the  new  standard. 
Our  eoniparisons  were  made  in  a  llelHj^e  colorimeter.  We  do  not,  however, 
reconiinend  the  use  of  picramic  aeid  as  a  standard  for  comparison  in  the  Du- 
boscq  colorimeter,  because,  owins^'  to  the  j^reater  delicacy  of  that  instrument 
the  ran.^e  of  color  tones  is  much  limited.  Xevertheless.  the  colors  can  be  easily 
matched   with   a   sufficient   dei^ree  of  accuracy   in   the   Hellige  colorimeter. 


Taiu.r  I 


(XHJ.,  SOj-Nksslkr's  Against  Picramic  Acid 
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53.0     51.0 
53.8     52.2 

62.0  62.0 
62.0  62.0 
63.0     63.0 

10.0 
9.0 
9.0 

8.8 
8.8 
9.0 

16.0     16.0 
15.0     16.0 
16.0     16.0 

23.0 
22.0 
22.0 

23.0 
22.5 
23.0 

32.0     31,5 
32.0     31.5 
35.0     31.5 

42.0     40.0 
43.0    41.5 
43.0     41.5 

50.0     51.0 
52.0    51  0 
52.0     53.0 

62.0  65.0 
M.O  64.5 
63.8     64.0 

Aver.    9.52 

8.44 

15.22   15.56 

22.42 

22.27 

31.98  31.81 

41.99  40.44 

52.55  51.63 

63.63  64.00 

10.0 

8.0 

10.0 

8.0 
8.0 
8.0 

15.0     15.0 
15.0     15.0 
15.8     16.0 

22.0 
21.0 
22.0 

23.0 
23.0 
23.0 

32.0     30.0 
31,0     30.0 
32,5     29,5 

40.5     43.0 
41.0     41.0 
42.0     41.5 

52.0     51.0 
51.0     51.0 
50.0     51.0 

64.0  62.0 
64.0  62,5 
63.0     63.0 

8.0 
9.0 
9.0 

7.5 
8.0 
8.0 

15.0     14.5 
15.8     14.5 
15.8     14.0 

20.0 
20.5 
20.5 

20.0 
20.0 
20.8 

32.0     33.0 
33.0     32.0 
32.0     31.0 

40.0     40.0 
40.5     40.5 
41.0     40.5 

51.0     50.0 
51.0     50.0 
52.0     51.0 

63.0  61.8 
63.0  62.5 
63.0     63.0 

10.0 
9.0 
9.0 

7.5 
8.0 
8.0 

15.0     14.0 
15.0     15.0 
14.8     15.0 

22.0 
22.0 
21.0 

20.0 
21.0 
21.8 

30.5     30,0 
31,0     30.0 
32.0     30.0 

41.0     42.0 
40.5     40.0 
40.0     40.5 

51.0     52.0 
51.0     50  5 
52.0     51.0 

61.0  62.0 
60.0  63.5 
60.8     61.5 

Aver.    9.11 

7.9 

15.16   15.16 

21.22 

21.31 

31.77  30.61 

40.77  40.99 

51.22   50.6/ 

62.42  62.41 

Aver.    9.14 

8.42 

14.83   15.35 

22.42 

21.85 

32.32  31.48 

41,49  40.81 

51.16  51.2C 

62.61   62.95 

of  all 
determ.  made 

Table  I  contains  three  series  of  readings  made  with  ammonium  sulphate 
solutions  of  various  concentrations.  A  solution  containing  0.7866  gm.  in  1  liter 
was  made  up.  Solution  1  contains  1  c.c.  of  this  stock  solution  in  50  c.c.  Solu- 
tion 2  contains  2  c.c.  in  50  c.c. ;  solution  3  contains  3  c.c,  etc.  Three  c.c.  of  the 
diluted  solutions  were  treated  with  2  c.c.  of  Folin's  modified  reagent  and  read 
against  the  blood  sugar  standard. 
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AmMONMUM    Si;i.l'H.\rK-.\KSSI.KK    .\CAI.VST    XkSSI.Kr's    StANriARI* 


Sol.          1 

2 

3 

_i 

5 

6 

7 

13.0      13.0 
14.0      13.0 
13.5      13.5 

130.0       13.0 
14.(1       13.5 
14.3       14.0 

14.0      14.0 
12.5      14.8 
13.0      15.0 

12.0      12.8 
12.5      13.0 
13.0      13.0 

20.0      21.8 
20.0      21.0 
19.5      22.0 

23.0      20.0 
24.0      20.5 
23.5      20.0 

22.0      22.0 
21.5      22.S 
23.0      23.0 

22.0      22.2 
21.5      22.5 
23.0      22.0 

32.1      29.5 
33.0      29.0 
33.5      30.5 

32.5      32.0 
31.5      30.5 
32.5      31.5 

33.0      33.5 
32.5      32.0 
32.5      32.0 

30.0      30.0 
29.0      30.0 
30.5      30.0 

40.0      39.0 
38.5      38.0 
39.0      38.5 

40.0      36.0 
41.5      36.0 
42.0      36.0 

42.0      39.0 
40.0      38.5 
39.7      39.0 

41.5      38.8 
40.0      39.0 
39  8      38.2 

49.5      47.0 
49.5      49.0 
50.0      48.0 

48.5      48.0 
49.0      48.0 
49.0      48.0 

49.0      46.5 
51.0      47.8 
48.8      48.0 

50.5      50.0 
51.0      49.0 
49.5      48.0 

60.0  56.0 
6(J.2  57.0 
59.0      58.8 

57.5  59.0 
56.0  58.0 
56.5      58.0 

560  54.0 
55.0  54.5 
55.2      55.5 

56.0  59.0 
57.0  58.8 
58.8      59.0 

68.0  68.0 
67.5  67.0 
69.0     68.5 

59.5  f/J.O 
69.5      66.0 

69.5  66.0 

68.6  66.0 
66.5  62.0 
67.0     63.0 

66.0  61.0 
67.0  60.5 
65.5      61.0 

.\verage 

21.91     21.65 

31.12    3087 

40.33    37.66 

49.49    48.15 

55.3      57.27 

66.93    64.58 

•Av.    of   all   de- 
terminations 

21.78 

30.99 

38.99 

49.0 

56.31 

65.75 

Max.  read 
Min.  read 

24.0      23.0 
19.5      20.0 

335      33.5 
29.0      29.0 

42.0      39.0 
39.0      36.0 

51.0      50.0 
48.8      46.5 

60.02  59.0 
55.0      54.0 

69.5  68.5 
65.5      60.5 

Diff.    expressed 
in   mm. 

4  5        3.0 

4  5       4.5 

3  0       3.0 

2.2       3.5 

5.02      5.0 

4.0       8.5 

Table  II  is  intended  to  show  that  analogous  \ariations  of  readings  occur 
when  Xessler's  standard  is  used.  The  standard  was  used  for  but  two  deter- 
minations. The  same  solutions  were  employed  as  in  Table  I.  The  numbers  in 
the  last  row  show  that  the  readings  may  vaiy  to  a  considerable  extent.  The 
average  error  amounts  to  4.03  mg.  and  4.58  mg.,  respectixely,  as  against  3.48 
mg.  and  3.21  mg.,  respectively,  in  Table  I. 


Table  III 

Table  for  Estimatiox  of  Xitrogex  with  Mopifu:d  Heli.ige  Colori.meter  Usixg  Picramic 

Acid  .\s  .\  Stano-^rd 


colorimeter 

A[G.  X  IX 

COLORI.METER 

MG.  X  IX 

COLORIMETER 

MG.  X  IX 

READIXG 

100  c.c.  blood 

READIXG 

100  C.C.  BLOOD 

READIXG 

100  c.c.  BL(X)D 

63 

35.18 

44 

26.77 

25 

16.42 

62 

35.75 

43 

26.29 

24 

15.91 

61 

34.33 

42 

25.81 

23 

15.40 

60 

33.90 

41 

25.24 

22 

14.89 

59 

33.48 

40 

24.67 

21 

14.19 

.58 

33.05 

39 

24.11 

19 

13.48 

57 

32.63 

38 

23.55 

18 

12.78 

.56 

32.20 

37 

22.99 

17 

12.08 

55 

31.78 

36 

2243 

16 

11.37 

54 

31.35 

35 

21.86 

15 

9.96 

53 

30.93 

34 

21.30 

14 

9.19 

52 

30.50 

33 

20.94 

13 

8.42 

51 

30.03 

32 

20.02 

12 

7M 

-50 

29.65 

31 

19.50 

11 

6.87 

49 

27.17 

30 

18.99 

10 

6.10 

48 

28.69 

29 

18.48 

9 

^.33 

47 

28.21 

28 

17.97 

8 

4.58 

46 

27.73 

27 

17.45 

7 

45 

27.25 

26 

16.94 

6 
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'I'altlc  III  was  calculated  I'ldni  ihc  a\t.'ra<,^e  of  a  larii'c  number  of  (lelcniiina- 
lious  of  aniinoniuin  sulphate  solutions  ])rcj)arc<l  from  |iurc  ammonium  sulphate. 
Calihrated  (  )st\val<l  ])i]iettes  and  volumetric  Hasks  were  used  throughout.  'I'he 
solutions  were  made  ui)  just  before  use.  'i'he  temperature  of  the  solutions  was 
kept  constant.     The  comparisons'  were  made  w  ilh  the   Hellis^e  colorimeter. 

Our  findings  for  nitrogen  ex])ressed  in  mg.  for  100  c.c.  of  l)loocl  obtained 
by  comjxaiison  with  Nes.sler's  standard  do  n(;t  exact!}-  coincide  with  those  of 
Myers  and   Fine.-' 

Kxpressed  in  mg.  X.  in  100  c.c.  of  blood: 

2  3  4  5  6  7 

12.4-10.01        17.50-l.S.Ol        21.75-20.02       27.0-25.22        31.09-30.02        35.()l-35 

The  hrst  ligures  of  each  concentration  are  taken  from  Myers  and  Fine.  In- 
variably our  tmdings  are  lower. 

In  general  the  findings  with  picramic  acid  as  a  standard  are  practically 
the  same  as  with  the  ammonium  sul])hate  standard,  e.  g.,  solution  4  is  found  to 
contain  20.02  mg.  when  read  against  Xessler's  standard,  19.97  mg.  (calculated 
for  100  c.c.  of  blood)  when  compared  to  picramic  acid. 

Picramic  acid  is  easily  prepared  from  picric  acid  by  a  modified  method 
(Jour.  Biol.  Chem.,  1918,  xxxv,  565).  The  following  process  for  purifying 
picric  acid  has  been  found  satisfactory  in  practice:  100  gm.  of  Baker's  chemi- 
cally pure  moist  picric  acid  are  heated  in  750  c.c.  of  distilled  water  until  com- 
pletely dissolved.  To  the  hot  solution  24  gm.  of  anhydrous  sodium  carbonate 
(125  gm.  crystalline)  are  added  and  the  solution  is  filtered  through  a  folded 
filter.  To  the  hot  filtrate  about  5  gm.  more  of  the  carbonate  are  added.  The 
mixture  is  allowed  to  cool,  then  filtered  on  a  Buchner  funnel,  washed  twice  with 
water  (10  c.c.  each  time)  while  still  on  the  funnel.  The  precipitate  is  then  de- 
composed with  250  c.c.  of  dilute  sulphuric  acid  (diluted  1  to  10)  in  a  porcelain 
dish,  and  the  residue  filtered  off  on  a  Buchner  funnel,  washed  twice  with  water 
(10  c.c.  each  time).  It  is  then  twice  recrystallized  from  alcohol,  60  to  80  c.c.  be- 
ing used  the  first  time,  about  40  c.c.  the  second  time.  The  yield  is  about  70  per 
cent.     The  entire  process  takes  about  two  hours. 
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A   PEROXIDASE   REACTION    WITH    SODIUM   NITROPRUSSIDE   AND 
BENZIDINE  IN  BLOOD  SMEARS  AND  TISSUES 

By  Liia-T.   (j.G.)  Ernest  W.  Goodpastuiu^,  M.C,  U.S.N.R.F., 
U.  S.  Naval  Hosimtal,  Ciiklska,  ]\Iass. 

THE  demonstration  of  a  ])eroxidase  reaction  within   certain   white  l)lood   cor- 
puscles has  led  to  the  view  that  the  presence  of  this  activity  is  a  point  of 
distinction  of   cells   derived    from   the  bone  marrow,   differentiating  them    from 
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llic  l\  inph()(-\ii(,-  scries  uliidi  do  not  cxliiliit  llii>  |iro|ifrty.  'I'lic  reaction  i< 
c'.s|)cri;ill\'  prdniiiiciii  .iIk.uI  iIic  cv  l(.|.I;i-niic  },M;imil;itioiis  of  ncutropliilic  and 
rosinopliilir  poI)  iiioi|ilioiuulfar  leucocvlcs,  hut  seeing  to  he  absent  within  the 
hasopliilii-  cr\]<..  This  chemical  activity  has  hccn  of  u^c•  to  the  patholoj^ist  in 
aiih'ni^-  Iiiiii  lo  (hs| iiii^nish  ccilaiii  cases  of  mycloj^enous  lenceniia  froni  the  lym- 
jihatic  tvpc,  l)iit  its  apphcalion  lo  the  study  of  many  jirohlems  of  hematology, 
tissue  pathology  and  the  hiochrniistry  of  oxichzation  lias  been  limited  due,  no 
doubt,  lar,^cl\-  lo  the  uiisalisfacloiy  niclliods  which  have  been  pfojKjsed  for  its 
demonstration. 

I'^ntil  the  nu'lliods  of  Graham  were  described  the  study  of  the  peroxidase 
reaction  within  cells  of  smear  |ire]>arations  and  tissues  was  an  uncertain  and 
more  com])licated  i)roce<lure.  The  lirsl  metliod  ])ro])osed  bv  him  was  an  adapta- 
tion of  the  well-known  peroxidase  rcafj^ent  al])hana])hthol  with  a  counterstain 
of  pyronin,  two  chemicals  which  are  now  scarcely  available;  and  especiallv  for 
this  reason  he  was  led  to  undertake  cx])eriments  with  other  peroxidase  sub- 
strates, with  the  result  that  quite  recently  he  lias  advocated  the  use  of  benzidine 
for  this  ])urpose,  his  method  of  application  sivinjj  more  satisfactory  results  than 
previous  investig-ations  had  obtained  with  this  reagent.  The  technic  is  simpler 
than  that  of  the  alphanaphthol  i)rocess,  though  the  brown  color  reaction  is  not 
very  striking-  or  clean  cut. 

The  use  of  these  two  ])r()cedures  em])hasizes  the  importance  of  the  test 
and  the  desirability  of  a  method  sim])le  enough  to  be  used  routinely  and  at  the 
same  time  yielding  uniform  and  clear  results.  In  certain  experiments  recently 
T  have  devised  a  method  for  demonstrating-  the  peroxidase  reaction  within 
leucocytes  of  smear  ])reparations  and  in  sections,  which  I  am  convinced  will 
meet  these  needs ;  and  it  involves  a  chemical  test  for  this  activity,  which  to  mv 
knowledg-e  has  not  heretofore  been  described,  depending  upon  a  color  reaction 
with  sodium  nitroprusside. 

The  reagents  and  counterstain  are  jn-epared  in  a  single  stock  solution  of 
the   following   composition : 

Alcohol  g.S';;  loo     c.c. 

Sodium  nitroprusside  .05  gm. 

Benzidine   (C.P. )      (Harmer)  .05  gm. 

Basic  Fuchsin  .05  g.m. 

Hydrogen    peroxide  .5     c.c. 

The  sodium  nitroprusside  is  dissolved  in  as  little  water  as  possible  (1  or 
2  c.c.)  and  added  to  the  alcohol  ;  the  other  ingn'edients  are  then  included.  This 
stock  reagent  after  some  weeks  has  shown  no  deterioration  in  activity,  although 
a  slight  flocculent  ]n-ecipitate  settles  out  in  a  few  davs. 

TIX'IIXIC    l-OI^    S.\I1:aR    I'RI-PAR.VTIONS 

hresh  smears  of  blood  or  other  cellular  material  are  permitted  to  drv  thor- 
oughly on  the  slide.  The  reagent  is  dropped  upon  it  in  sutificient  quantity  to 
cover  the  smear  which  is  then  allowed  to  tix  for  one  minute.  An  equal  quan- 
tity of  water  is  added.  A  reaction  time  of  three  minutes  has  been  in  my  expe- 
rience sufficient.  The  prei>aration  is  finally  washed  out  with  water  and  dried 
bv  blottint>-. 
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The  neutrophilic  i^ranulcs  of  ])ol\  inoii)honuclear  leucocytes  arc  stained 
deeply  blue  and  are  sharpl}-  delined.  Eosinophilic  granules  are  dark  blue  about 
their  i)eriphery  with  a  lighter  center.  Basophilic  granules  do  not  seem  to  react. 
I'^airlv  numerous  and  sharpl\-  defined  granules  are  stained  in  the  so-called  transi- 
tional cells,  and  also  in  certain  mononuclear  cells  of  doubtful  classification  which 
with  the  usual  stains  would  probably  be  grouped  with  lymphocytes.  Most  mono- 
nuclear cells  show  no  reaction.  Nuclei  are  stained  a  clear  red,  cytoplasm  and 
platelets  pink,  and  red  blood  corpuscles  a  smooth  InitY  color.  Altogether  there 
is  a  shar])  and  pleasant  contrast. 

TKCIINIC    I'OK    I'KOZKN    SECTIONS 

Thin  sections  from  tissue  preserved  in  formalin  are  fixed  to  clean  slides  by 
nxeans  of  gelatin,  a  method  which  T  think  has  not  been  described,  but  has  been 
used  by  me  for  some  time  with  entire  satisfaction.  A  stock  of  2  per  cent  gela- 
tin is  kei)t  in  a  test  tube  and  melted  when  needed.  A  thick  coat  of  it  is  smeared 
oxer  one-half  the  slide  and  the  section  floated  upon  it.  The  section  is  blotted 
and  pressed  between  filter  papers,  then  fixed  to  the  slide  with  a  few  drops  of 
95  per  cent  alcohol,  which  immediately  hardens  the  gelatin.  The  section  is  then 
immersed  in  water  and  is  ready  for  staining. 

It  is  covered  with  the  stock  peroxidase  reagent  diluted  with  an  et[ual  vol- 
ume of  water.  The  reaction  may  be  observed  under  the  microscope  and  usually 
within  three  to  five  minutes  the  colors  are  sufficiently  deep.  The  excess  of 
stain  is  washed  ofif  in  water,  the  section  dehydrated  with  acetone,  cleared  in 
xylol  and  mounted  in  balsam. 

The  intensity  of  the  stain  may  be  readily  varied  both  in  smears  and  sections 
by  varying  the  dilution  of  the  stock  reagent  and  the  reaction  time.  Material 
fixed  in  formaldehyde  and  preserved  in  80  per  cent  alcohol  for  several  months 
reacts  as  rapidly  and  strongly  as  that  freshly  prepared. 

The  blue  coloring  substance  resulting  from  the  reaction  of  sodium  nitro- 
prusside  and  benzidine  within  cells  containing  peroxidase  is  insoluble  in  the 
ordinary  solvents  and  seems  to  be  permanent.  Although  investigations  as  to 
its  nature  and  the  character  of  reaction  which  takes  place  are  incomplete,  the 
method  of  staining  has  proved  so  simple  and  satisfactory  that  I  feel  warranted 
in  descril)ing  it  at  the  present  time.  The  technic  of  application  of  the  method 
to  blood  smears  will  be  found  quite  as  simple  as  that  now  employed  with 
Wright's  stain,  and  the  reagent  is  sufficiently  stable ;  while  the  resulting  stain 
gives  a  preparation  from  which  difi^erential  blood  counts  can  readily  be  made. 
W  ith  a  sufficient  number  of  observations,  differential  counts  based  upon  the 
l)resence  of  this  im|)()rtant  biological  property  in  certain  white  cells  and  its  ab- 
sence in  others  may  prove  of  more  i)ractical  worth  than  those  founded  u])()n 
the  mf)rphologic  differences  exhibited  by  methods  now  widely  in  use. 
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T  IvAl)  ])cn)\i(lc  ([']>()..)  is  a  dark  u-ddish-hrowii  powder,  iivsoluhk-  in  water; 
-L^  spccilic  ,i,n-a\ity  S.<)(j3  to  9.190.  A  siispeiisif^n  of  this  compound  in  distilled 
water  rai)i(lly  clears  in  a  few  nioinents,  due  to  settlinj^  down  of  the  particles 
to  the  holtoni  ot  the  container.  \\  hen  a  susi)en.sion  is  mixed  with  ef|ual  f|uan- 
tities  of  spinal  tluid,  the  line  particles  hold  up  considerahly  lon^a-r,  hut  ulti- 
mately settle  to  the  hottoni  of  the  test  tu])e.  If  the  fluid  is  normal,  shaking 
up  the  sediment  even  after  twenty-four  hours  or  more,  the  orij^'inal   appearance 


A. 


^85*? 


c. 


A. — Normal  Fluid. 
B. — Case  of  Tabes. 
C. — Meningococcic    Meningitis. 

of  uniform  cloudiness  is  ohtained.  In  pat]ioloi,nc  Huids,  such  as  from  cases  of  the 
various  types  of  meningitis,  or  syphilis  of  the  central  nervous  system,  a  change 
takes  place  characterized  mainly  by  adhesion  or  clumping  with  attendant  pre- 
cipitation so  that  on  attempting  to  shake  up  the  tube,  large  clumps  of  the  metal 
are  thrown  about  or,  as  in  marked  reactions,  the  entire  mass  sticks  to  the  bot- 
tom of  the  test  tube.  This  reaction  has  been  applied  in  a  comparative  study 
of  normal  and  pathologic  si)inal  fluids  with  the  result  that  the  phenomenon  of 

*From    the    Clinical    I.aboratories    of    the    Jewish    Hospital,    IMiilailelpliia.    Pa. 
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A   i,i;.\i)  i'i;u'(»\  iDi;  kkactidn   urni   sn.\M,  i-uid  -H/ 

|)r(.'ci|)il;itiuii  li;i>  hfcii  limiid  to  Ik-  oiiK  |)rc-ciit  in  (ii>(.-;i>c-  ainl  uiii  toriiily  alj>cnt 
in  norm.il  llui(l^.  TIh-  (k-^Mcc  ni'  the  reaction  a>  nifaMirc-fl  by  tlic  time  inlcr\al 
(hiring  wliicli  it  appears  and  llu'  ('oInpk•t(•lK•■^s  of  prccipitatinn  ha\e  licen  of 
aid  ill  indicating  the  natnii-  ot'  tlie  patlioloj^ic  ])r()ccss,  as  will  be  shown  below. 
Tln'  test  is  e\trcMnel\-  sini])Ie  and  re(|nires  only  a  susi)cnsion  of  the  lead 
l)en)\ide,  ,i  tew  5  or  10  c.c.  iiipeltcN  and  lot  tnbes.  The  >^u-^pension  is  made  up 
in  the  pioporlion-.  of  1  t^ni.  of  the  lead  peroxide  to  20  c.c.  of  distilled  water 
and  ke|il  lucfeiahly  in  a  wide  liotlle.  The  suspension  i>  shaken  up  and  1  c.c. 
is  placed  in  a  test  lube  {\2  1.3  cm.).  To  this  is  added  1  c.c.  of  spinal  fluid 
and  the  whole  shaken  u\\  for  a  few  moments.  The  test  tube  is  then  alhnved 
to  stand  in  the  open  air  and  ol)ser\ed  at  the  end  of  onedialf  to  one  hour  and 
then  the  next  day.  The  tt'st  can  also  be  performed  by  having  a  number  of 
test  tubes  already  C(»ntaining  the  1  c.c.  of  lead  and  using  them  as  desired.  In 
this  way  they  can  be  set  up  at  leisure  and  lar^c  numbers  of  fluids  quickly  tested 
when  necessarw  To  obserxe  whether  ag,i,dutination  or  precipitation  of  the 
lead  has  occurred,  the  tulie  containint,^  the  fluid  to  he  tested  and  one  containing 
a  known  normal  fluid  are  placed  in  the  same  hrnid  and  shaken.  Tn  this  way. 
the  same  amount  of  agitation  is  brought  about  in  both  tubes.  The  normal 
fluid  will  readily  become  uniformly  opaque,  the  test  fluid  it  abnormal  will  show- 
some  of  the  following  reactions  : 

1.  The  particles  of  lead  when  shaken  up  will  be  coarse  and  uniform  cloudi- 
ness of  the  tube  will  not  occur.     Settling  takes  place  gradually. 

2.  The  lead  will  he  in  the  form  of  a  few  large  clumps  which  settle  quickly. 

3.  The  lead  will  form  in  one  cluni])  which  may  stick  to  the  bottom  of  the 
tube  and  resist  shaking;  by  vigorcnis  efforts  it  may  be  dislodged. 

In  addition,  the  time  element  is  noted,  since  early  and  comj^lete  precipitation 
has  been  noted  in  cases  of  meningococcic  and  pneumococcic  meningitis.  The 
three  tv])es  of  reaction  are  conveniently  designated  in  order,  *,  ++.  +^.  Except 
in  complete  precipitation  it  is  well  to  check  up  the  early  observation  by  the 
12  to  24  hour  observatitm.  The  illustration  gi\es  the  ajipearance  of  the  re- 
action widi  a  normal  fluid,  with  that  of  a  case  of  tabes,  and  one  of  a  case  of 
meningococcic  meningitis. 

The  table  gives  the  results  with  a  number  of  pathologic  fluids  and  a  few 
from  cases  where  meningitis  was  suspected,  with  the  accompanying  conhrmatory 
data.  The  cell  count  has  been  omitted  in  those  examined  some  time  after  the 
tap  since  it  could  not  be  made  accurately  at  this  time.  Aliout  an  equal  number 
of  normal  fluids  ga\ c  entirely  negati\e  results.  1  am  indebted  to  Dr.  Randle 
C.  Rosenberger  for  a  large  number  of  fluids  from  the  Philadelphia  General 
Hosjiital   ujion  which   T  made  contirmatorx-  observations. 

CONCLUSIONS 

\.  A  suspension  of  lead  peroxide  is  not  affected  by  normal  spinal  fluids. 

2.  Var\ing  amounts  of  precipitation  and  agglutination  occur  regularly  with 
abnormal    fluids. 

3.  Earlv  and  comi'lete  jtrecipitation  is  observed  in  the  acute  types  of  men- 
iiiuitis. 


NEW  METHODS  FOR  PRESERVING  SOY-BEAN  UREASE* 

I'.v  (i.  M.  Romxsd.x.  i\l.I).,  and  C.  J.  Oppenheim,  Ph.B.,  Chicago,  III. 


THE  use  of  soy-bean  extracts  for  the  clinical  determination  of  urea  is  now 
reji^arded  as  a  standard  laboratory  method  for  rapid  and  accurate  estima- 
tions of  this  substance  in  the  urine  and  blood. ^  Many  methods  have  been  de- 
vised for  preserving  the  active  enzyme  in  the  dry  and  wet  states ;  but  the  former 
have,  in  general  been  undul\-  com])licated,  making  it  necessary  to  have  recourse 
to  clinical  laboratories,  while  the  latter  have  suffered  for  need  of  effective 
preservatives.  Hence  the  clinician  still  finds  it  practical  to  adhere  to  the 
Doremus  tube  with  its  rather  great  percentage  of  error. 

At  the  present  time  the  most  jiopular  preservatives  for  the  enzyme  in  the 
wet  state  are  those  of  the  toluol  series.  Toluol  makes  it  possible  to  preserve 
the  enzvme  for  about  a  week,  if  ke])t  in  the  ice  chest.  This,  however,  neces- 
sitates the  making  of  fresh  extract  at  frequent  intervals. 

Tests  have  been  made  in  this  laboratory  on  the  activity  of  enzyme  ex- 
tracts made  according  to  the  Marshall  method'  and  preserved  with  various 
preservatives.  'J'hose  employed  were  toluol,  thymol,  eucalyptol,  benzol,  chlore- 
butanol,  glycerol,  chloroform,  phenol,  ethyl  alcohol,  trikresol,  and  camphor.  In 
each  case  .25  per  cent  of  the  preservative  w^as  used.  The  solutions  were  not 
placed  in  the  ice  chest,  l)ut  allowed  to  remain  at  room  temperature  and  tested 
at  three  and  four  day  intervals.     The  following  results  were  obtained  : 

Xumber  of  days  before  extract 
failed  to  convert  urea  completely 

Preservative  incubated  at  35°  C.  for  2  hours 

or  overnight  at  room  tempera- 
ture. 

Phenol  7  days 

Ethyl  Alcohol  7  days 

Trikresol  7  days 

Benzol  10  days 

Control   (no  preservative)  10  days 

Chloroform  10  days 

Toluol  13  days 

Glycerol  17  days 

Chlorebutanol  17  days 

Thymol  17  days 

Eucalyptol  20  days 

Camphor  ?   (45  days  ;  still  active) 

In  each  case,  2  c.c.  of  the  enzyme  converted  a  weighed  quantity  of  urea 
(40  mgms.) 

From  the  above  tabulations,  it  may  be  seen  that  the  preservatives  most 
commonly  used  keep  the  enzyme  slightly  better  than  ordinarily  thought ;  and 
without  the  usual  ])recaution  of  keeping  the  preparation  in  the  ice  chest.  It 
also  demonstrates  that  neutral  gum  camphor  is  much  more  efincient  as  a  pre- 
servative for  soy-bean  urease  than  toluol  or  the  other  common  preservatives. 


*Kroni   the    Pharmacological    Hcscarch    I.al)oratoi  y.    l.oyola    I'liiversity    School    of    .Medicine,    Chicago. 
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W  c-  aif  alilc  to  >ay  that  cami.lior  in  .25  pt-r  cent  >^u>pcnsi(jn  kcc|»>  tlie  activity 
lit    till'  (.■nzyiiK'  intact    for  at  Ica^t  45  days. 

In  tlic  lu)[)e  of  >ccuiinj,^  a  itcrmaiient  wcl  preparation  of  the  enzyme, 
j^^Uccrol  extractions  were  made  witli  \aiyin^  f|uantilics  f)f  the  {Knvdered  soy 
bean.  It  \\a>  found  that  the  follow  inj.,^  method  secured  a  ]>reparation  which 
answer^  all  purpioes  and  i>.  to  the  he^t  of  our  knowledf^'e,  a  permanent  prep- 
aration. 

TKCHNIC 

Twenty  grams  of  powdered  soy  bean  and  100  c.c.  of  pure  glycerol  are 
triturated  in  a  large  mortar  to  complete  admixture.  This  mixture  is  then 
transferred  to  a  percolator  having  a  narrow  lumen  (the  ordinary  pharmaceu- 
tical percolator  serves  the  purpose);  and  percolated  through  a  layer  of  glass- 
wool  of  approximatel\  one  inch  thickness  for  a  period  of  not  less  than  48 
hours.  The  resultant  percolate  is  of  a  dark  yellow  color  with  a  distinctly 
greenish  tinge;  and  is  ready  to  use  after  titration  for  innate  alkalinity,  i.e., 
the  amount  of  decinormal  HCl  refjuired  to  neutralize  one  c.c.  of  the  extract. 
( This  need  only  be  done  once  for  the  preparation. )  This  innate  alkalinity 
we  have  found  to  be  about  equivalent  to  2  c.c.  of  the  decinormal  acid,  using 
methyl  orange  as  an  indicator. 

One  c.c.  of  the  above  glycerin  extract  suffices  for  ordinary  clinical  deter- 
minations where  5  c.c.  of  the  urine  are  used.  We  can  see  no  reason  for  the 
addition  of  acid  as  usually  done  in  aqueous  preparations,  since  it  doe?  not  aid 
in  the  extraction;  nor  does  it  eliminate  the  necessity  for  determining  the  innate 
alkalinity  of  the  extract.  Glycerinized  extracts  are  apparently  more  active  than 
aqueous  extracts  of  the  enzyme,  converting  more  rapidly  especially  when  in- 
cubated at  35 °C. 

It  is  probable  that  the  above  method  is  equally  applicable  to  extractions  of 
the  sword  bean  and  jack  bean,  which  according  to  Annett-  and  to  Mateer  and 
Marshall'  are  decidedly  greater  than  the  soy  bean  in  their  urease  content. 
These  would  apparently  produce  glycerinized  extracts  of  exceedingly  high 
enzyme  concentration.  The  matter  is  under  investigation  at  present  in  this 
laboratoiy. 

SUMM.\RV 

1.  '['he  use  of  .25  per  cent  neutral  gum  camphor  materially  prolongs  the 
period  of  activity  of  the  enzyme  in  aqueous  preparations  of  soy-bean  urease, 
without  complicating  the  technic  for  clinical   determinations. 

2.  Glycerinized  extracts  of  the  enzyme  aflford  an  active  antl  stable  wet 
preparation  which  lend  themselves  readily   to  clinical   procedure. 
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A  TYPE  OF  sti:th()S(^ope  receiving  bowl  for  use  in  THi: 

TEACHING  OV  MEDICAL  STUDENTS* 

lU'  John  A.  Higgixs,  Chicago,  III. 

THE  first  ]iractical  knowledge  thai  a  medical  student  receives  pertaining  to 
tlie  \aluc  ol"  llie  stelliosco]>e  in  niedicine  is  generally  given  in  the  physiologic 
laboratories.  \\  hen  the  period  for  instructions  on  the  taking  of  blood  pressure 
in  the  human  begins,  at  least  two  known  methods  of  procedure  are  mentioned. 
One  is  that  which  involves  a  sphygmomanometer,  usually  of  a  Tycos  pattern,  and 
a  stethoscope,  and  is  generally  termed  as  the  sound  method.  Another  method 
of  procedure,  which  in\olves  a  sphygmomanometer  of  an  Erlanger  pattern,  in- 
cluding a  recording  tambour  and  revolving  drum,  is  generally  termed  as  the 
graphic  method. 

\\  here  tlie  latter,  or  gra])hic.  method  of  procedure  is  employed  in  recording 
blood  pressure,  it  is  customary  to  record  the  findings  on  a  glazed  suface  of  a 
smoked  drum  paper  previously  gummed  on  the  revolving  drum.  The  blood 
pressure  findings,  or  graphic  tracing,  is  then  interpreted  to  the  students.  Follow- 
ing these  instructions  the  students  should  be  able  without  much  difficulty,  to 
make  further  blood  pressure  tracings  and  interpret  them. 

In  the  sound  method  of  recording  blood  pressure  we  must  look  upon  matters 
from  a  different  angle.  Since  an  example  can  not  be  shown  on  the  appearance  of 
a  sound,  we  must  instruct  students  as  best  we  can  regarding  what  sounds  to  keep 
in  mind  while  listening  through  the  stethoscope.  The  types  of  stethoscopes  or- 
dinarily purchased  on  the  market,  no  doubt,  answer  their  purpose  in  the  hands  of 
trained  medical  practitioners.  Among  the  beginning  medical  students,  however, 
instructors  have  l)een  compelled  to  rely  upon  the  student's  own  decision  as  to 
whether  or  not  they  actually  hear  the  arterial  sounds  and  whether  or  not 
they  hear  them  from  the  most  advantageous  areas.  Feeling  that  much  gain  may 
be  had  by  ha\'ing  an  instructor  himself  continually  listening  in  on  the  arterial 
sounds  and  also  having  a  number  of  students  listening  at  the  one  time,  I  have 
designed  a  new  tyi)e  of  stethoscope  receiving  bowl  as  shown  in  Fig.  \.  The  head 
pieces  that  accompany  this  new  type  of  stethoscope  bowl  are  not  changed  over 
the  older  types  but  the  possibility  of  four  or  even  more  listening  from  the  same 
receiving  bowl  is  assured. 

The  stethoscope  receiving  bowl  is  constructed  by  turning  down  on  a  lathe 
from  a  solid  piece  of  metal,  preferabl}'  aluminum,  a  ]Mece  similar  in  construction 
to  piece  A  illustrated  in  Fig.  2.  This  piece  of  metal  measures  J^  of  an  inch  in 
diameter  on  the  top  surface  and  1  inch  in  diameter  on  the  lower  surface.  A  hole 
measuring  y^,  of  an  inch  is  drilled  through  the  center.  On  the  lower  surface  of 
this  piece  the  drilled  hole  in  the  center  should  terminate  into  a  conical-shaped 
opening  measuring  ^  inch  deep  by  i-',,-,  inch  as  the  greatest  width.  Also  on  the 
lower  outside  surface  of  this  ])iece  is  threaded  a  hard  rubber  l)and  H,  using  No. 
32  or  less  threads  to  the  inch.     This  iiard  rublter  l)and  sets  out  about   ^,s  of  an 
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iiuli  I'mm  ilu'  Inwcr  surl'mx-  ol'  llic  metal  |iirtc  and  thus  |»rc\cins  the  metal  it- 
selt'  I'lMin  ((niiiii-  in  coiitacl  with  llie  skin  (jr  surfaces  jilaced  a,i,'aiiisl.  'I'he  metal 
pieee  at  (. '  nlea^u^e^  l--'ir,  iiH-lie<  in  diameter  and  eomes  Hush  with  the  diameter 
of  the  upper  surface  of  the  hard  ruhher  hand  />'  IK  which  is  similar  to  a  metal 
hand  ]>eiinils  the  lower  laud   //  of  the  second   action   li  to  re^t  upon  the  upper 


Fig.    1.  —  Showing  a  type   of   stttliost 


i|ii-    n.c<riving   l>o\vl   aiul   tlic    possibility    ol    four   or  even    more   listening 
from  the  same  receiving  bowl. 


Fig.   J. — Showing   the  construction   of   a   ty|)e   of  stethoscope   receiving   bowl. 


Fig.   3. —Showing  top   view   of   a   type   of   stethoscope    receiving   bowl. 

surface  and  as  already  shown  in  Fig.  1.  At  F  is  a  g^rooved  section  "^^o  inciies 
wide  which  permits  the  ''.-jo  threaded  screws  at  G  lo  lock  sections  A  and  E  to- 
gether. These  screw  s  at  G  need  only  be  long  enough  to  conveniently  lock  the  two 
sections. 

vSection  H,  hesidcs  the  set  screws  already  described,  consists  of  a  lower  band 
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of  nielal  //  lie  inch  wall  1)\'  '  _■  inch  wide.  Tliis  hand  rests  on  section  ,/  at  /•*. 
A  second  metal  band,  J,  with  a  closed  top  and  measuring  ^  of  an  inch  wide,  is 
soldered  into  the  metal  hand  H  just  far  enough  so  that  the  lower  rims  of  the 
metal  hands  H  and  ./  will  rest  alternately  on  the  upper  surface  at  D  and  on  the 
top  surface  of  section  ./.  On  the  outer  side  surface  of  metal  hand  /  are  screwed 
in  and  then  soldered  firmly  four  Y-tuhes  of  %  inch  l>rass  tube  material.  This 
does  not  mean,  however,  that  only  four  individuals  could  listen  from  th.e  erne  steth- 
oscope receiving  bowl  at  the  one  time,  because  in  Fig.  3  is  shown  ample  space  for 
the  addition  of  at  least  three  m(jre  Y-tubes.  Each  Y-tube  is  connected  in  turn  to 
the  rubber  tubes  from  the  ordinary  types  of  headpieces.  As  long  as  communication 
is  cut  olT  from  the  outside,  the  sounds  heard  from  this  type  of  a  receiving  bowl 
do  not  seem  to  diminish  in  clearness. 

Where  fewer  individuals  than  projecting  Y-tubes  are  to  u.se  a  bowl  of  this 
tvjie.  the  extra  Y-tube  or  tubes  are  cut  off  from  outside  interference  by  thread- 
ing the  inside  ends  of  the  tubes  at  A,  Fig.  3,  and  screwing  in  thumb  screws  B, 
Fig.  3.  At  A.'  in  Fig.  1  or  2  is  shown  a  Y-tube  thus  cut  off  from  outside  com- 
munication. 

\\'hile  this  type  of  bowl  was  primarily  constructed  for  use  in  the  physiologic 
laboratories,  its  use  should  not  be  limited  to  that  field.  Its  use  in  the  pharmaco- 
logic laboratories  will  permit  a  com]>arative  study  of  blood  pressure  findings 
upon  one  another  during  and  after  the  inhalation  of  such  drugs  as  amyl  nitrite, 
nitrous  oxide,  etc. 

This  type  of  bowl  could  also  be  used  in  a  comparati\'e  study  of  reaction  time. 
This  is  accomplished  by  students  proceeding  to  take  blood  pressure  readings  from 
ihe  brachial  artery  of  a  subject.  Each  student  listening  in  on  the  stethoscope 
should  also  be  equip|)ed  with  a  signal  magnet,  dry  cell,  simple  key  and  a  few 
lengths  of  copper  wire  for  contact  connections.  Have  each  signal  magnet  ar- 
ranged to  record  on  a  revolving  smoked  drum,  using  a  rather  rapid  speed,  and 
preferably  a  long  i)aper  drum.  Each  signal  magnet,  so  recording,  should  be 
directly  above  one  another.  Now  with  the  stethosco])e  bowl  resting  on  the  sur- 
face of  the  arm  just  below  where  the  blood  is  shut  off  in  the  brachial  artery,  let 
each  student  with  closed  eyes  listen  for  the  blood  to  break  through  as  the  tension 
is  removed  from  the  artery.  As  soon  as  the  first  sound  is  heard  let  each  student 
independently  close  the  simple  key  at  his  command  and  thus  record  the  first 
sound.  Let  some  of  the  same  group  of  students  take  an  alcoholic  drink  or  other 
mild  stimulant  and  after  the  stimulant  has  had  an  opportunity  to  react  upon  the 
students  repeat  the  experiment  together  with  students  under  normal  conditions, 
and  note  any  changes  in  reaction  of  time.  I  might  also  suggest  at  this  point  the 
repeating  of  this  experiment  as  a  comparative  study,  between  students  who  use 
tobacco  and  students  who  do  not  use  tobacco  or  other  such  stimulant.  An  ex- 
])eriment  somewhat  along  the  same  basis  is  already  described  by  Jackson.* 


^Jackson,  D.    \-,.:      I'lxpcriinciUal   I'hannacology.    191",   St.   T.oui.s,   C.    \'.   Moshy   Co.,  p.   14.1,   Ex|)ei-.   xiii. 
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Till-',  aiu'urxMii  iKt-dk','  no  (joiilti,  seems  lo  he  an  ini|)<)rtanl  in-^trumeiit  in  the 
animal  i'\|>erinienlal  lalioialiM-y.  vSome  laboratory  workers-  i>refer  this  in- 
strument in  separatinti;  museie  borders  whicli  thus  gives  them  access  to  various 
underlving  ner\es  and  blood  vessels.  Other  laboratory  workers'  prefer  the 
thi-eadcd  inslrunn-nl  in  placing  lii^atures  around  nerves,  blofKl  vessels,  or  other 
body  tissues.  The  instrument  is  also  used  in  raising  nerves  or  blood  vessels  from 
a  wound  while  ligatures  are  placed  underneath  with  the  aid  of  forceps."* 

In  this  latter  case  where  forceps  are  used,  in  connection  with  the  aneurysm 
needle  in  ligating  nerves,  blood  vessels,  etc.,  I  am  inclined  to  believe  that  the 
main  reason  the  aneurysm  needle  is  not  used  independently  is  because  of  the  in- 
convenience and  loss  of  time  in  threading  or  rethreading  the  present  types.  Oc- 
casions also  arise  where  the  loose  ligature  ends  become  entangled  and  thus  ac- 
cidentally separate  the  ligature  from  the  eye  of  the  needle. 

Knowing  therefore  the  value  of  the  aneurysm  needle  in  the  experimental 
laboratory  and  endeavoring  to  increase  its  efficiency  as  a  laboratory  instrument 
I  have  accordingly  designed  a  new  type  ( Fig.  1 ) . 

The  advantages  offered  in  this  needle  are  that  the  ligatures  can  be  carried 
and  kept  on  wound  spools  in  the  upper  section  of  the  handle  {A,  Fig.  1  or  2  )  ;  the 
needle  can  be  kept  constantly  threaded,  provided  ligatures  are  previously  wound 
upon  the  spools  or  new  spools  of  ligatures  are  inserted  in  place,  using  any  grade 
of  thread,  or  mercerized  crochet  thread,  as  some  investigators  may  prefer. 
This  will  make  it  quite  possible  to  place  two  ligatures  around  a  nerve,  blood  ves- 
sel, or  other  body  tissue  in  one  operation.  The  ligatures  passing  through  a  sort 
of  half  round,  open-faced  tubing  {B)  eliminates,  to  a  great  extent,  the  danger  of 
accidentally  separating  the  ligatures  from  the  eye  of  the  aneurysm  needle. 

The  aneurysm  needle  I  shall  describe  can  be  made  l)y  taking  a  piece  of 
hard  or  half  hard  brass  metal  measuring  5>M  inches  long.  %  inch  wide,  and  ^8 
inch  thick.  Drill  a  hole,  using  a  No.  47  drill  through  the  center  of  the  ^g-inch 
surface  and  •'.-.■j  of  an  inch  from  one  of  the  ends  C.  Cut  and  file  away  the  metal 
in  a  similar  fashion  as  shown  at  D  and  until  the  metal  piece  appears  as  an  ordi- 
nary aneurysm  needle  having  the  widest  flat  surface  at  H  measure  Yx,;  of  an  inch. 
On  the  back  I.^-inch  surface,  solder  on  a  piece  of  ^g-inch  (outside  diameter) 
brass  tubing.  File  awav  a  section  of  the  \s-inch  tube  wall,  as  shown  between  the 
letters  F  in  Fig.  2.  This  tube  should  now  act  as  a  shield  for  the  ligatures  and 
the  tiling  away  of  a  section  of  the  outer  wall  should  cause  no  inconvenience  in 
threading. 

.\  second  piece  of  sheet  brass  metal  measuring  4^  inches  long,  "s  inch  wide 
and  ^1,;  inch  thick  is  bent  into  a  U-shaped  piece  with  the  parallel  pieces  -^s  inches 
ai)art.  This  piece  is  now  trimmed  down,  rounding  the  corners,  etc.,  and  sol- 
dered to  the  end  of  the  aneurysm  needle  at  point  H.  Fig.  1.     Two  holes  are  now 
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ilrilletl  throui;!)  this  piocc,  usiiij;  a  No.  IS  drill.  Drill  the  first  hole  )4,  of  an  inch, 
and  the  second  hole  l-'Sc,  of  an  inch  from  the  end  at  (/,  h^ig.  1.  Two  round- 
headed  screws  of  an  ''.•.^  size,  measuring;  l-''ii;  inches  long,  are  taken  and  on  the 
headed  ends  are  soldered  copper  burrs.  //,  h'ig.  2.  These  burrs  simply  reinforce 
the  strenglh  of  the  screw  heads.  On  the  threaded  ends  of  the  screws  are  used 
•\..  size  screw  or  lock  nuts.  J,  Fig.  2.  It  is  possible  at  this  point,  satisfactory, 
and  economic  to  utilize  screw  or  lock  nuts  taken  from  the  binding  posts  of  worn- 
out  drv  cells,  this  eliminates  lime  and  trouble  in  turning  down  the  same  size  nuts 
on  a  lathe. 


iMg.    1. — Showing   a    siile   view    of    the    coiitiniioiis    threaded    type    of   aneurysm    needle. 

The  spools  (/v.  Fig.  2)  used  in  connection  with  this  type  of  aneurysm  needle 
were  made  from  a  ]Mece  of  ^^-inch  hard  rubl)er  rod,  which  spools  can  be  turned 
down  on  a  lathe  to  fit  into  the  si)ool  holder.  By  regulating  the  lock  nuts,  /,  Fig.  2, 
the  friction  on  the  sides  of  the  spools  can  be  increased  or  decreased  at  will.  The 
spools  in  my  case  were  not  originally  cut  out  for  this  particular  aneurysm  needle 
and  thus  necessitated  copper  burrs  between  the  brass  sides  of  the  spool  holder 
and  the  spools  themselves.    The  spool  holder  will  accommodate  the  wooden  spools 


/.    Co. 
^    / 

g^jg 

dp 

^/ 

1 

Jr 

>3. 


Fig. 


-Showing   a   rear   view    of   the   eontinuoiis   threaded    tyjie    of   aneurysm    needle. 


purchased  on  the  market,  which  spools,  as  a  rule,  contain  ten  yards  of  silk  thread. 
The  advantage  in  this  instance  is  that  the  spools  purchased,  already  wound  with 
thread,  saves  time  in  the  rewinding  of  speciall\-  made  spools.  This  size  of 
aneurysm  needle  already  described  was  originally  aimed  for  mammalian  work, 
smaller  sizes  for  amphibian  work  can,  of  course,  be  made  accordingly. 

In  threading  the  aneurysm  needle,  the  ligatures  after  leaving  the  spools,  pass 
through  the  tube  opening  at  /.,  Fig.  1  ;  past  the  tube  opening  at  M ;  through  the 
drilled  hole  at  N,  which  hole  was  originally  a  part  of  hole  C,  and  through  the 
hole  at  C.     Then  to  oyjerate.  after  once  threading  the  needle,   raise  the  nerve, 
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1)1()()(1  \i'.ssi-Is  or  oihrr  liddy  tissue  in  llic  UMial  t'a-Iiinn  a--  with  the  oUlcr  types  <)i 
;meinysm  needles,  ]»rocuie  a  hold  on  the  ]»roirudin,i^  end  of  the  lij^ature  or  liga- 
tures and  remove  the  aneurysm  needle  in  a  careful  manner.  When  vf>u  have 
secured  the  length  n\  ligatures  desire*!  cut  the  threads  ahout  ^4  to  1  inch  hevond 
the  eye  oi  tiie  needle,  which  thu<  leave-  the  needle  rethreaded  for  further 
ligations. 


inni.ioc.KAi'ii  V 

'Jackson.  1).  I-",.:     l-'.xpiriimntal  l'Iiarmac<il<.;,'v.  V)\7.  St.  I,Mui>    ('    \'    M.,,l,v  (".,     i.    40 

2Jackson.  I).  E. :     Ibid.,  p.  87.  Fig.  84. 

•■^Slirlin.t;,   Win.:      I'raclical   Physiology,  Chas.  (irifitin  &  Co.,  ed.  2.  p.    173. 

•♦jarkMin.    I  ).    I"..:      I-'.xporimcnta!   Pharmacology,  p.  90;    Fig.  90. 
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EDITORIALS 


Encephalitis  Lethargica 

UNDER  the  term  encephalitis  lethargica  is  included  a  series  of  cases  observed 
in  England,  France,  Italy.  South  America,  and  recently  in  the  United  States, 
in  which  the  predominant  symptoms  are  connected  with  the  central  nervous  sys- 
tem. The  distinctive  features  seem  to  be  those  of  an  acute  general  disease  associ- 
ated with  a  condition  of  languor,  apathy,  and  drowsiness  passing  into  lethargy  ; 
progressive  muscular  weakness  passing  into  complete  disablement ;  and  a  combi- 
nat'on  of  various  cranial  nerve  palsies,  of  which  ptosis,  squint,  and  nystagmus  are 
characteristic  signs.  From  the  fact  that  the  ocular  muscles  were  so  commonly  in- 
volved, the  disease  has  been  called  infectious  ophthalmoplegia.  Also,  and  l)e- 
cause  the  disease  has  been  supposed  to  be  connected  with  food  poisoning,  it  has 
been  thought  to  be  an  expression  of  botulism.  It  has  likewise  been  called  epi- 
demic stupor,  acute  polioencephalitis,  bulbar  paralysis,  and  Heine-Medin  disease. 
The  suspicion  that  the  disease  is  due  to  botulism  has  not  been  confirmed. 
In   fact  the  investigations  of   the   Local   Government   Board   on   Public   Health 
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sc'C'in  compli'U'ly  to  rlimiii.itc  ilii^  ii(i^-.il)ilit\-,  whicli  liad  hccn  so  prominent.  The 
in\csli_i,Mt()rs  were  unable  to  ImkI  ihe  jialliogenic  orj^anism  and  were  unable  to 
tind  e\i(lence  in  scrolofjic  exjjerinients  of  any  su},'j^estion  of  the  presence  of  the 
liacilhis  of  boiuliMn.  I  li-inloj^oi-  stiuHcs  infHcate  an  acute  infection  rather  than 
.111  intoxic.'ition.     l'<ituli>ni  is  afebrile;  tlii>  new  disease  is  febrile. 

M(n\()\rr,  the  studies  <tf  \arious  men  seem  to  sh')W  diverjjencie.s  from  the 
clinical  and  histologic  picture  of  poliomyelitis  that  make  it  probable  that  the  dis- 
ease is  a  new  out-  anil  not  a  inriT  mndilication  of  an  old.  And  yet  the  lesions  of 
the  central  nerxous  system  resemlile  to  a  certain  extent  those  found  in  g^eneral 
paralysis,  syphilis,  slecpin.ij  sickness,  and  acute  poliomyelitis.  Animal  experi- 
ments al>(>  support  the  f\  idcncc  that  encephalitis  lethargica  is  distinct  from 
])()liomyelitis,  ffjr  inoculaticjns  into  monkeys  failed  to  produce  paralyses.  As  a 
whole  the  findins^s  to  date  are  not  satisfactory,  but  they  point  to  the  probability 
that  encephalitis  lethargica  is  a  disease  anatomically  and  clinically  di-tinct  from 
all  others. 

From  tlie  practical  standp.')in'i  it  has  been  suggested,  says  the  Journal  of  the 
-Vmerican  Medical  Association,  that  the  appearance  of  this  disease  has  been  as- 
sociated with  a  breakdown  of  immunity.  Lowered  resistance  to  a  usually  harm- 
less saprophyte  or  a  "conditional"  ])arasite  may  be  conceived  to  permit  harm  to 
arise  from  organisms  ordinarily  harbored  with  impunity.  It  is  worth  the  men- 
tion that  in  the  French  epidemic  there  was  a  mortality  of  50  per  cent.  In  the 
series  of  cases  reported  by  Porthier  there  was  not  a  death.  The  reports  from 
Camp  Lee,  Chicago  and  Xew  York  suggest  the  possibility  that  other  cases  may 
appear  at  other  places  in  this  country.  So  far  all  the  cases  in  America  have  been 
in  soldiers.  This  has  not  been  true  in  England,  though  it  has  been  the  rule.  Many 
of  the  cases  have  followed  influenza. 
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The  Mechatiism  of  Renal  Excretion 

THE  physician  who  is  seeking  a  knowledge  of  the  function  of  the  kidney  in 
order  to  better  interpret  renal  disease  is  quickly  lost  in  the  multitude  of 
facts  which  rival  hypotheses  have  gathered  for  their  support.  The  modern  text 
book  of  ]iliysiology  is  unable  to  gi\e  a  review  of  the  facts  which  are  presented  on 
literally  thousands  of  pages  of  published  researches,  and  the  jdiysician  has  never 
had  a  "close  up"  view  of  the  subject.  For  this  reason  it  is  a  great  delight  to  take 
up  the  recent  monograph  on  the  Physiology  of  Renal  Excretion,  by  .\.  R.  Cushny 
of  the  London  University.*  For  this  book  he  has  carefully  sifted  the  enormous 
literature  of  the  subject,  and  in  a  remarkably  clear  and  entertaining  style  written 


*Custiny,   .\.    R.  :   Secretion  of  l.'riiic,   Longmans,   Green   &  Co.,     London.    19i; 
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ill  a  personal  nianiiiT  of  llu'  iirol)lcni.  (  )ut  of  llu-  tanj^^led  mass  of  facts  presented 
In  llic  lilcMaturc  he  has  c\<il\c<l  what  he  leniis  a  "Modern  Theory  of  Renal  Ex- 
erelion."  lie  lielie\es  tliat  this  llu'ory  hesl  explains  the  now  known  facts  of  renal 
fnnelion  and  that  il  will  serve  as  a  help  in  the  understanding  of  renal  disease. 

The  great  number  and  the  variety  of  sul)stances  which  are  found  in  the  blood 
and  the  urine  make  it  seemingly  imiK)ssible  that  urine  excretion  depends  on 
chemical  combination-  within  the  renal  cells,  and  suggests  a  physicochemical 
mechanism  to  explain  the  phenomenon.  The  problem  of  how  the  kidney  fabri- 
cates a  highly  concentrated  solution  of  salts  from  a  dilute  solution  of  the' same 
salts  in  the  blood  plasma  is  complicated  by  the  fact  that  the  ratios  existing  be- 
tween the  concentration  of  each  urinar\-  salt  in  the  urine  differs  from  that  present 
in  the  blood.     The  urine  is  not  a  deproteinized  blood  plasma. 

\\hile  it  has  not  been  possible  to  determine  the  nature  of  the  forces  which 
operate,  it  is  possible  to  postulate  that  they  function  by  one  of  two  mechanisms. 
The  one  is  that  the  urine  is  a  filtrate  of  the  blood  which  has  passed  through  a 
portion  of  the  renal  epithelium  into  the  tubules  as  a  very  dilute  fluid,  i.e.,  a  de- 
proteinized l)lood  plasma  and  that  the  dilute  fluid  is  concentrated  by  the  absorption 
bv  physical  chemical  forces  of  fluid  and  salts  by  other  cells  of  the  kidney  and 
replaced  in  the  blood.  The  other  mechaniMii  would  ha^•e  it  that  the  salts  and  the 
water  are  each  actively  excreted  by  the  various  cells  of  the  renal  epithelium. 
The  first  is  known  as  the  physical  theory,  and  the  second  the  vital  theory  of 
urine  excretion.  Both  of  these  theories  are  inadequate  to  explain  the  phenomena 
which  research  has  shown  to  occur  in  the  kidney,  but  they  have  served  to  de- 
velop what  Cushny  terms  "the  modern  theory  of  urinary  excretion.'' 

This  modern  theory  accepts  the  general  scheme  of  filtration  and  reabsorption 
of  the  physical  theory,  but  pays  due  respect  to  the  fact  that  the  known  physical 
forces  are  not  adequate  to  explain  the  reabsorption  which  must  take  place  to  pro- 
duce the  concentration  of  salts  found  in  the  urine.  It,  therefore,  supplements  the 
physical  theory  by  assuming  a  vital  activity  on  the  part  of  the  epithelium  of  the 
tubules  in  reabsorbing  fluids  and  salts  from  the  dilute  filtrate  coming  from  prob- 
ably the  glomerulus  and  capsule.    In  short,  Cushny 's  modern  theory  is  as  follows : 

A  large  amount  of  blood  plasma  fluid  is  filtered  through  the  glomerulus  into 
Bowman's  capsule,  the  filtering  force  being  found  in  the  blood  pressure.  This 
fluid  has  the  same  concentration  of  the  salts  to  which  the  capsule  is  permeable  as 
does  the  blood  plasma.  The  blood  leaving  the  glomerulus  is,  therefore,  a  some- 
what concentrated  solution  of  plasma  colloids,  and  must  have  returned  to  it  the 
proper  amount  of  fluid  and  salts  to  make  it  an  optimum  fluid  for  the  body  cells. 
This  is  accomplished  by  the  active  absorption  of  a  part  of  the  glomerular  filtrate 
by  the  cells  of  the  tubules.  The  salts  which  are  of  no  use  to  the  body  are  not 
reabsorbed  and,  therefore,  api)ear  in  highly  concentrated  form  in  the  urine. 
These  salts  are  termed  "nonthreshold  substances,"  and  since  their  presence  in 
the  plasma  is  unnecessary,  they  continue  to  be  excreted  as  long  as  they  are  pres- 
ent in  the  bUjod.  The  salts  which  are  necessary  are  termed  "threshold  sub- 
stances," and  are  reabsorbed  until  they  are  again  present  in  the  blood  plasma  in 
the  o])timum  amount.  Vov  example,  urea  continues  to  be  excreted  as  long  as 
there  is  any  present  in  the  blood,  while  glucose  is  completely  reabsorbed  so  long 
as  its  concentration  remains  under  a  more  or  less  fixed  level. 
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Alllioui^Ii  il  i>  (|uil(.'  iiii|M)s>il)Ic  tn  (lc\(.-lu|i  here  llic  ar^urtK-iit  uliicli  Cu>liiiv 
finds  in  laNor  ol  the  modern  tlu-orv,  mention  may  be  made  of  the  he>t  experi- 
mental evidence  supportinjf  it,  inasmnch  as  a  portion  of  it  has  a  clinical  sij.'niti- 
cance.  I-'or  example,  he  cakulalt-s  thai  to  produce  1200  c.c.  of  urine  containinj; 
20  f,M-ams  of  urea,  (>()  liters  of  blood  plasma  fluid  containing  0.03  [)er  cent  urea 
would  have  to  be  Hltered  through  the  capsule  and  5S.S  liters  of  water  returned  to 
the  blood  by  the  uriniftrous  tubules.  Since  the  bloofl  flow  through  the  kidneys 
is  \ery  great,  amouiiling  to  about  300  liter>  per  da\-.  only  about  13  ])er  cent  of 
the  fluid  containeil  by  the  blood  pas>ing  through  the  g1(jmerulu>  woubl  pas.s  by 
filtration  through  the  cap>ule  of  I'lowman.  This  seeming  large  amount  of  water 
wliicli  the  tubule--  would  lia\e  to  reabsorb  per  day  is  small  when  it  is  pointed  out 
that  because  of  the  great  number  of  these  tubules  each  would  probably  not  have 
to  reabsorb  more  than  0.01  c.c.  per  hour. 

The  modern  theory  assumes  that  the  capsule  is  a  hlter  which  allows  the  de- 
proteinized  blood  jilasma  to  pass  through  it  into  the  renal  tubes.  The  passage 
of  the  fluids  through  the  membrane  would  depend  upon  several  factors: 

First.  The  difierence  in  the  pressure  between  the  blood  and  the  urinary  fil- 
trate.    This  is  furnished  by  the  pressure  of  the  blood  in  the  glomerular  vessel-. 

Second.  The  character  of  the  membrane  of  the  capsule.  The  capsule  is 
impervious  to  the  proteins  of  the  blood  and  pervious  to  its  other  constituents. 

Third.  The  character  of  the  blood.  If  the  blood  contains  a  substance  which 
can  not  jiass  through  the  tiller  and  which  exerts  an  osmotic  pressure  in  opposition 
to  the  filtering  force,  it  will  act  to  reduce  the  rate  of  filtration  as  well  as  the 
amount  filtered. 

If  the  capsule  acts  as  a  filter  it  should  be  possible  to  alter  the  rate  of  urine 
excretion  by  varying  any  of  these  factors,  and  such  is  the  case.  For  example,  if 
the  blood  pressure  be  raised  by  tying  ofif  several  branches  of  the  aorta,  the  urine 
is  appreciably  increased,  or  if  the  blood  pressure  is  decreased,  as  can  be  done  by 
compressing  the  renal  artery,  the  amount  of  urine  is  decreased.  Increase  in 
blood  pressure  alone  without  at  the  same  time  increasing  the  volume  flow  of 
blood  through  the  kidney  apparently  does  not  increase  urine  excretion.  This  is 
explained  by  the  fact  that  anv  notable  increase  in  the  concentration  of  the  col- 
loids in  the  plasma  increases  the  osmotic  pressure  of  the  blood  which  acts  in 
opposition  to  the  pressure  of  blood  in  the  capillaries.  This  point  was  shown  a 
number  of  years  ago  by  Starling  and  his  pu])ils  who  found  that  the  secretion  of 
urine  ceases  when  the  capillarv  pressure  in  the  glomerulus  falls  below  that  ex- 
erted by  the  osmotic  pressure  of  the  blood  proteins,  the  critical  pressure  being 
from  30  to  40  mm.  of  mercurv.  Thev  also  found  that  when  the  osmotic  pres- 
sure of  the  blood  proteins  was  reduced  by  dilution  of  the  blood  with  saline  solu- 
tion, the  rate  of  excretion  was  increased  ;  excretion  in  such  cases  being  main- 
tained at  a  blood  pressure  below  the  normal  critical  pressure.  If  the  dilution  of 
the  blood  was  made  with  saline  containing  gelatin,  on  the  other  hand,  the 
diuretic  etifect  was  greatly  decreased.  These  experiments  indicate  that  saline 
]n-oduces  its  diuresis  by  diluting  the  plasma  proteins  and  lowering  their  osmotic 
pressure.  The  proof  that  the  capsule  acts  as  a  filter  appears  fairly  complete,  but 
no  such  experimental  e\  idence  can  be  obtained  to  prove  the  assumption  that  the 
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o[)itlicliuni  of  ihc  tuhulcs  rc;il)S()rl)s  the  excess  water  and  salts  whicli  are  liltcrcd 
(ilT  llii-()Ui^li  the  capsule. 

If  C'ushm's  niodeni  the()r\'  of  excretion  is  correct,  the  tuhules  must  ahsorh 
not  only  larj^e  amounts  of  water,  I)ut  they  must  allow  for  the  recntrance  into  the 
blood,  either  completely  or  incom])leti'ly,  of  certain  salts  while  they  must  reject 
others  entirely. 

The  urine  contains  a  \er\-  his^h  percentai>e  of  small  molecules,  and  the  i)ro- 
portion  in  which  they  are  present  is  entirely  dit^'erent  from  that  found  in  the 
hlood  plasma,  and,  presumably,  in  the  glomerular  filtrate.  The  following  figures 
give  the  a\erage  normal  \alue  for  urea,  uric  acid,  chlorine  and  glucose  in  100  c.c. 
of  protein  free  blood  i)lasma  and  100  c.c.  of  urine,  in  the  third  column  is  given  the 
change  in  concentration  which  occurs  in  the  kidney  : 


100  c.c.   PROThlN- 

Vmy.    RLOOD    PLASMA 

CONTAINS 


100     C.C.     URINE 
CONTAINS 


CHANGE  IN  CONCEN- 
TRATION IN  THE 
KIDNEY 


Urea 

Uric  Acid 
Chlorine 
Glucose 


.033 
.0022 
.41 
.1 


.05 
.6 


60 
22.7 
1..S 


Here  the  blood  plasma  fluid  contained  but  0.033  per  cent  of  urea,  and  the 
urine  2  ]ier  cent.  Accordingly,  6  liters  of  glomerular  filtrate  would  be  required 
to  furnish  100  c.c.  of  urine.  Six  liters  of  glomerular  filtrate  would  contain  6.6 
grams  of  sugar,  0.132  grams  of  uric  acid,  and  24.6  grams  of  chlorine,  l^ut  100 
c.c.  of  urine  contains  no  glucose,  0.05  grams  of  uric  acid  and  0.6  grams  of 
chlorine.  According  to  the  modern  theory,  these  figures  indicate  that  during  the 
jjassage  of  the  urine  through  tlie  tubules  5900  c.c.  of  water,  6.6  grams  of  sugar, 
24  grams  of  chlorine  and  O.Oo/  grams  of  uric  acid  would  have  to  be  absorbed 
by  the  renal  epithelium  in  the  production  of  100  c.c.  of  urine  containing  the  con- 
centration given  above. 

Among  the  most  convincing  experiments  that  can  be  offered  in  support  of 
the  absorption  of  fluid  and  salts  by  the  tubules  are  those  in  which  the  pressure 
of  the  urine  in  the  tubules  is  slightly  increased  by  partial  closure  of  the  ureter 
(Cushny).  In  these  experiments  the  ureter  of  one  kidney  is  partly  closed  with 
a  clamp  and  the  excretion  obtained  from  this  kidney  is  compared  with  that  of  the 
opposite  normal  kidney.  In  general,  obstruction  of  the  ureter  results  in  a  de- 
crease in  the  amount  of  water,  chloride  and  urea  excreted.  But,  curiously,  the 
urea  content  is  decreased  relatively  less  than  is  the  chloride  and  water  content. 
These  results  can  be  explained  on  the  basis  that  any  pressure  acting  to  oppose  the 
head  of  pressure  producing  filtration  in  the  glomerulus  will  reduce  the  amount 
of  the  glomerular  filtration,  and  accordingly  the  time  allowed  for  the  passage  of 
this  filtrate  along  the  tubules  is  increased,  and  absorption  becomes  more  com- 
plete. Since  urea  is^prqbably  not  absorbed  at  all  and  chloride  is,  the  discrepancy 
in  the  effects  on  the  excretion  of  urea  and  chlorine  in  the  partially  obstructed 
kidney  can  be  explained. 

When  very  large  amounts  of  water  are  taken  by  mouth,  it  often  happens 
that  the  urine  excreted  has  a  concentration  of  salts  less  than  that  present  in  the 
fluid  of  the  blood.     Some  investigators  believe  that  such  a  condition  is  possible 
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only  mi  llu-  ;issmii|iliiMi  lliat  wakT  is  .'R-tivfly  f.xcrctcd,  lait  a  iiKjrc  plausible  ex- 
planation liascd  (.11  (lie  niM(|iiii  theory  is  that  the  water  that  is  absorbed  from  the 
alinu'iilary  li;ut  rraclus  tlu-  kidnc}'  as  a  flihitc  sahne  solution,  and  is  rapidly 
lilu  rc(l  oil  ill  a  loiiii  sniiu'w  liat  niori-  dilute  than  the  optimal  solution  which  bU)r>fl 
pla.Miia  imisl   lia\c   foi-  the  well  IjcIiil;  of  tlic  tissues. 

It  is  i^lllo^^il)K■  to  analyze  the  forces  that  are  resi>f)nsible  for  such  a  decree  of 
absorption  by  tlu'  eiiitbeliuni  of  the  tubules.  F'^or  the  present  we  must  classify 
them,  for  want  of  a  belter  term,  as  \ital  invvv^.  The  (|ne^tion>  that  await  im- 
mediate in\estij,fation  aix'  whether  absorption  actually  takes  place,  and,  if  it  does, 
wITat  factors  cause  it  lo  \ai-y.  Many  attempts  have  been  made,  by  destroying  the 
cap-^ules  or  the  tubules  by  means  of  poisons  or  b\-  operaticHis  to  determine  di- 
rectly or  indirectly  the  (luestion  of  the  function  of  the  tubules. 

In  such  experiments.  howe\er,  the  number  of  factors  involved  confuse  the 
issue  and  make  the  results  practicall}'  \alueless  so  far  as  determining  the  normal 
function  of  the  tubules.  (  )ther  experimenters  have  attempted  to  show  absorp- 
tion in  the  tubules  by  injecting  diffusible  substances,  such  as  chemicals  and  dyes, 
into  the  ureter  under  what  they  deemed  sufficient  pressure  to  force  the  solution 
into  the  tubules,  and  by  an  examination  of  the  blood  or  the  tissues  to  determine 
whether  or  not  the  injected  substances  had  been  absorbed.  The  results  obtained 
are  not  coinincing,  for  it  is  very  questionable  whether  it  is  possible  to  inject  a 
substance  into  the  tubules  from  the  ureter. 

Cushny  fails  to  find  any  evidence  for  the  vital  theory  of  excretion  in  the 
supi)osed  ability  of  the  renal  cells  to  excrete  dye  substances  injected  intra- 
venously. He_  points  out  that  all  well  controlled  work  has  failed  to  confirm  this 
generally  accepted  teaching.  Cushny  gives  the  accompanying  table  in  which  the 
movements  of  the  concentration  of  the  blood  plasma  are  followed  through  the 
kidney.  The  ultimate  destination  of  each  is  indicated  by  the  enclosures.  It  is 
noted  that  the  dextrose  alone  is  completely  absorbed  and  that  the  urea  and  the 
sulphate  are  not  absorbed  at  all  from  the  glomerular  filtrate.  The  other  salts  are 
partly  absorbed. 
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He  points  out  that  Rarcroft  and  Straub  have  shown  that  the  diuresis  which 
results  from  the  injection  of  saline  into  the  blt^od  is  not  accompanied  by  any  in- 


4()2  Till':    JorKXAI.    OI"    LABoRATdKY    and    ri.INUAI.     mf:i)ici  \I-. 

crease  in  llio  dw^cii  con-uinplinn  nt  llic  kidiu'v,  and  llial  lliis  fact  coupled  witli 
llie  fact  that  the  total  amount  of  chloride,  urea  and  sulphate,  which  is  excreted  dur- 
ing saline  diuresis  is  greater  than  under  normal  conditions  indicates  that  the  ex- 
cretion of  these  salts  is  not  due  to  an_\-  \ital  secretory  ])Ower  of  the  ki(lne\-.  hut 
rather  to  factors  that  are  extrarenal  in  origin. 

The  diuresis  produced  hy  adding  urea  (m-  s<Klium  sulphate  to  the  l)lood.  on 
the  other  hand,  is  accompanied  hy  an  increase  in  the  oxygen  consumption  of  the 
kidne\'.  This  increase  can  not  be  due  to  active  elimination  of  these  salts  hy  the 
tubules,  the  work  of  which  requires  oxygen,  for  no  increase  in  oxygen  consum])- 
tion  accompanies  the  increased  excretion  of  the  same  salts  under  saline  diuresis. 
Sulphate  and  urea  are  nonthreshold  substances,  and  are  not  absorbed  by  the  tu- 
bules. The  explanation  of  the  oxygen  consumption  is  ])ri)bably  that  the  osmotic 
pressure  which  these  bodies  in  the  glomerular  lillrate  exert  makes  it  necessary  for 
the  epithelium  to  oppose  a  greater  absorbing  force  to  concentrate  the  urine,  and 
hence  a  greater  expenditure  of  energy  is  recjuired. 

W  bile  the  modern  theory  does  not  exi)lain  the  diuretic  action  of  the  xanthine 
compounds,  it  does  allow  for  the  explanation  of  the  polyuria  in  diabetes,  this 
polyuria  being  due  (  1)  to  the  excessive  amount  of  water  taken,  and  (2)  to  the 
inability  of  the  kidney  to  concentrate  the  urine  against  the  osmotic  pressure 
offered  by  the  concentrated  sugar  solution  in  the  tubules.  In  these  cases  sugar 
is  a  nonthreshold  substance,  so  to  speak,  and  none  of  it  is  absorbed.  The  diuretic 
action  of  the  digitalis  grou])  is  dependent  upon  its  influence  on  the  circulatory 
system.  The  diuretic  action  of  pituitary  extract  has  not  been  determined  in  the 
light  of  modern  theory.  The  presence  of  albumin  in  the  urine  in  nephritis  and 
cardiac  failure  would  be  explained  by  the  modern  theory  as  being  due  to  a  change 
in  the  permeal)iHty  of  the  filtering  membrane.  • — R.  G.  P. 


Acute  Infectious  Jaundice^'' 

EPIDEMICS  of  jaundice  haxe  occurred  from  time  to  time  in  many  parts  of 
the  world.  These  epidemics  have  remained  puzzles,  so  far  as  their  etiolog}^ 
is  concerned,  until  within  the  past  few  years,  when,  following  the  reports  of  re- 
searches of  a  group  of  Japanese  investigators,  a  microbiologic  cause  was  gener- 
ally recognized.  Even  yet,  despite  the  fact  of  comprehensive  reports  by  Inada 
and  his  coworkers,  and  despite  the  reports  from  the  battle  fields  of  France,  Italy, 
Germany,  and  Russia,  the  facts  have  not  made  the  proper  impression  in  the 
United  States,  except  in  a  small  group  of  workers. 

In  1917  Xoguchi  fovmd  that  rats  captured  in  Xew  York  City  v^ere  infested 
with  a  spirochete  apparently  identical  with  that  causing  siMrochetal  jaundice  in 
men,  and  identical  with  the  parasite  causing  the  disease  in  human  beings  in 
Europe  and  Japan.  Jobling  made  similar  observations  in  Xashville,  Tenn.,  and 
Xeill  in  Washington.  Comprehensive  evidence  has  accumulated  to  the  effect  that 
Spirochcta  icfcrohcmorrhogica  \>  the  cause  of  a  type  of  jaundice  and  that  the  or- 
ganism is  disseminated  among  the  wild  rats  in  \arious  parts  of  the  United  States. 

As  has  been  shown  by  Xeill.  spirochetal  jaundice  is  not  a  new  thing  in  this 
country.     Quite  definite  rejiorts  of  the  disease  among  the  troops  during  the  war 

*A  complete  bibliography  is  given  in  XeilTs  artirle  in  Public  lUallb  ]\i]»irts.  M;iy  10,  191S,  \i\i. 
717-72^1,   I'nited    States    J'ublic   tlealth    Service,    Washington,    D.    C. 


KDI'I'OKIAI.S  4^)3 

of  1SI2  lia\c  hfi-n  I'ovmd.  Duriiij^  llie  Civil  War  not  Ic^s  than  71,691  cases  were 
rf[)ortc(l  ainonj^^  the  wliitc  tivjops  of  the  Union  Army.  vSfjnietimcs  these  cases 
were  sporacHc  ;  somctinu's  thc-y  were  locally  epidemic.  While  in  some  instances 
the  cases  seemed  lo  he  rilaU<l  in  some  way  to  malaria,  in  others  the  accounts 
are  clear  enouf,di  to  make  it  almost,  if  not  entirely,  certain  that  the  outbreaks  were 
due  to  the  same  disease  that  in  later  years  has  been  observed  in  the  trenches  of 
luuiipcaii  baiile  fields,  but  the  disease  has  not  been  confined  to  the  trenches.  It 
has  been  reported  not  infrequently  in  civil  popuIati(jns. 

In  all  the  American  re|)orts  most  of  the  patients  have  been  described  as  suf- 
fering; from  nausea  or  xomitint^,  some  abdominal  distress  or  pain,  headache,  and 
fever  in  \ar\ins^  degrees,  followed  within  a  few  days  by  jaundice  of  different 
grades  in  different  cases.  In  fact,  says  Xeill,  from  many  of  the  descriptions 
there  is  little  to  suggest  a  specific  infectious  disease,  aside  from  the  fact  that  a 
number  of  cases  would  appear  about  the  same  time  in  a  community  which 
previousl)-  and  subsequently  w'as  free  from  the  disease.  Several  reports  indi- 
cate a  high  mortality  among  pregnant  women.  In  some  outbreaks  children  seem 
to  have  been  relatively  more  frequently  attacked  than  adults,  and  in  others  adults 
were  most  often  subjects  of  the  disease.  In  some  outbreaks  males  were  princi- 
pally affected,  in  others  the  sex  incidence  was  equally  divided.  In  several  out- 
breaks the  symptomatology  in  the  fatal  cases  was  strikingly  similar  and  sug- 
gestive of  rapid  necrosis  of  the  liver  cells  as  occurs  in  acute  yellow  atrophy. 

There  is  some  evidence  that  direct  contact  has  played  a  part  in  transmission. 

The  starting  point  of  most  at  least  of  the  outbreaks  of  infectious  jaundice 
seems  to  have  been  the  rat,  and  Noguchi  says  of  this  that  the  finding  of  the 
causative  agent  of  infectious  jaundice  among  the  wild  rats  in  America,  and  the 
identification  of  this  strain  with  those  found  in  Asia  and  Europe  seems  to  be 
particularly  imjx)rtant  in  revealing  a  latent  danger  to  which  we  have  been  con- 
stantly exposed,  but  from  which  we  escape  as  long  as  sanitar}'  conditions  are  not 
disturbed  In-  untoward  events. 

Long  before  the  present  war  acute  infectious  jaundice  was  known  to  occur 
especially  among  troops,  in  sewer  workers,  in  agricultural  workers  digging  in 
wet  soil,  and  in  miners.  Persons  who  handle  foods,  as  butlers  and  cooks  (in 
Japan  at  least)  are  also  said  to  be  attacked  with  especial  frequency.  AMiile  the 
problem  of  the  rat  in  relation  to  this  disease  has  not  been  completely  worked  out, 
the  follow^ing  statement  of  the  mode  of  transfer  forms  a  reasonable  hypothesis : 
About  10  per  cent  of  all  wild  rats,  wherever  located,  probably  carr}^  the  spirochete 
in  their  kidneys  and  excrete  them  in  their  urine.  If  this  organism  finds  a  favor- 
able environment  in  the  soil,  a  sufficient  number  may  live  long  enough  to  infect 
a  person  who  gets  them  into  his  mouth  or  on  his  skin. 

Diagnosis  may  be  made  by  staining  blood  films  with  Romanowsk\-  stains 
or  by  one  of  the  imjiregnation  methods ;  by  examination  of  blood  by  the  dark- 
field  method;  and  by  injection  of  blood  into  the  peritoneal  cavitv  of  a  guinea  pig. 
If  the  spirochetes  are  present  the  ])ig  will  sicken  and  die  in  about  ten  days,  and 
postmortem  will  show  a  combination  of  hemorrhage  and  jaundice  which  is  al- 
most pathognomonic.  Other  methods  are  microscopic  examination  of  centrifugal- 
ized  urine  sediment  stained  properly;  injection  of  urine  sediment  into  guinea 
pigs;  and  examination  of  tissues,  especially  kidney,  after  staining  by  the  Levi- 
diti  method.  p.  G.   W. 
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Concerning  Medical  Manuscripts  by  Medical  Officers 

AS  slated  in  lite  circular  ineinoraiula  for  Kdilors  of  Medical  Publications 
issued  by  the  Surgeon  General's  Office  on  March  27th  and  May  22,  1918, 
it  is  required  by  paragraph  423,^  Manual  of  the  Medical  Department,  that  all 
medical  manuscripts  by  medical  officers,  U.  S.  Army,  intended  for  publication 
shall  be  first  submitted  to  the  Surgeon  General's  Office,  Washington,  D.  C.,  for 
approval.  This  regulation,  which  has  been  very  courteously  comphed  with,  to 
date,  is  slill  in  force  as  far  as  medical  officers  on  active  duty  are  concerned.  In 
the  case  of  medical  officers  recently  retired  from  active  duty,  it  is  requested,  as 
a  courtesy  to  the  Surgeon  General  and  in  aid  of  assembling  material  for  the 
Medical  History  of  the  War,  that  all  medical  manuscripts  based  upon  military 
or  official  records  or  upon  military  experience  during  the  War,  be  submitted  as 
heretofore,  to  the  Secretary,  Board  of  Publications.  Surgeon  General's  Office, 
\\  ashington,  D.  C.,  for  record  and  approval  and  that  such  MSS  be  accompanied 
by  a  carbon  copy.  Upon  a]^proval,  the  original  copy  will  be  forwarded  to  the 
journal  designated,  for  publication,  and  the  carbon  will  be  filed  in  the  records 
of  the  Medical  History  of  the  War. 
For  the  Surgeon  General : 

(Signed)  C.  R.  Darnall,  Colonel,  Medical  Corps, 
U.  S.  A.,  Executive  Officer. 


U.  S.  Interdepartmental  Social  Hygiene  Board 

THE  United  States  Interdepartmental  Social  Hygiene  Board,  through  its  Ex- 
ecutive Secretary,  Dr.  T.  A.  Storey,  1800  Virginia  Avenue,  N.  W.,  Wash- 
ington, D.  C,  announces  the  following  appropriations  from  the  Scientific  Re- 
search Fund  of  the  Board : 

Eeland  Stanford  Junior  University  Medical  School. 

(1)  "Investigation   into   more    effective   treatment   in    acute   and   chronic   gonorrhea," 

under  the  direction  of  R.  L.  Rigdon,  M.D.,  Clinical  Professor  of  Genito- 
urinary Surgery,  and  A.  B.  Spalding,  M.D.,  Professor  of  Obstetrics  and 
Gynecology   $2,300 

(2)  "The  permeability   of   the   meninges   to   anti-syphilitic   drugs — an    attempt   to    in- 

crease their  permeability,"  imder  the  direction  of  H.  G.  Mehrtens,  M.D., 
Clinical    Professor    of    Neurology 2,300 

(3)  "Investigation  into  more  effective  methods  of  treating  syphilis,"  under  the  direc- 

tion of   H.  E.  Alderson,   M.D.,   Clinical   Professor  of    Dermatology 2,600 

Total $7,200 

University  of  Michigan,  College  of  Medicine  and  Surgery. 

(1)  "A  research  for  an  improved  method  of  demonstrating  the  spirochaeta  pallida 
in  human  tissues,"  under  the  direction  of  A.  S.  Warthin,  M.D.,  Professor 
of    Pathology    $6,000 
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ORIGINAL  ARTICLES 


CLINICAL  OBSERVATIONS  CONCERNING  THE  FRAGILITY  OF 

ERYTHROCYTES* 


By  H.  Z.  GiFFiN,  M.D.,  and  A.  H.  Sanford,  M.D.,  Mayo  Clinic, 

Rochester.    Minn. 


ALTHOUGH  many  early  studies  concerning  hemolysis  had  previously  been 
made,  Ribierre  in  his  Paris  thesis,  published  in  1903,  was  the  first  to  clearly 
summarize  the  knowledge  concerning  coipuscular  resistance  and  to  devise 
a  clinical  method  of  practical  value  for  the  measurement  of  the  resistance  and 
fragility  of  erythrocytes.  The  methods  formerly  proposed  required  the  use  of 
more  blood  than  could  be  obtained  ordinarily  for  routine  clinical  work. 
Ribierre's  method,  however,  is  simple  and  with  various  modifications  is  in  gen- 
eral use  today.  In  his  Paris  thesis  Ribierre  discussed  the  existing  knowledge 
concerning  the  various  globulicidal  agents  and  the  mechanism  of  hemolysis,  the 
different  methods  proposed  for  the  measurement  of  resistance,  and  elaborated 
his  own  method.  He  studied  especially  and  in  detail,  the  increased  resistance 
found  in  the  different  types  of  jaundice  and  endeavored  to  interpret  the  cause 
of  this  increased  resistance. 

It  is  a  very  curious  fact  that  in  Ribierre's  exhaustive  study  of  resistance  in 
jaundice  he  should  ha\e  oxerlooked  the  most  important  diagnostic  disc(ivery 
in  connection  with  the  subject.  In  other  words,  he  failed  to  demonstrate  the  de- 
creased resistance  or  rather  increased  fragility  so  constantly  present  in  hemolytic 
jaundice. 


•Presented   before  tbe  American   Society   for   Clinical    Investigation,   May   6,    1918,   Atlantic   City. 
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It  remained  for  Cliauft"ard,  in  1^)07,  to  discover  the  fact  that  the  eryth- 
rocytes in  the  jieripheral  circulation  of  patients  with  hemolytic  jaundice,  were 
ahnormal.  especially  that  lliey  were  more  fra.^ile.  This  finding  has  heen  cor- 
rohorated  in  all  later  reports  on  the  suhject. 

The  use  of  hemolytic  serums  or  of  mechanical  methods  for  testing  the  re- 
sistance of  erythrocytes  has  not  as  yet  ])r()ved  of  practical  value  and  it  is  nec- 
essary to  relv  on  an  estimation  of  their  resistance  toward  distilled  water  in 
hypisotonic  salt  solution. 

Butler  has  published  an  exhaustive  stud\'  on  fragility  of  the  red  blood  cor- 
puscles. Daily  examinations  of  his  own  blood  over  a  period  of  months  demon- 
strated that  the  degree  of  fragility  was  constant  from  day  to  day  and  that  read- 
ings made  at  different  times  of  the  day  were  the  same.  His  experiments  showed 
that  cells  washed  in  salt  solution  were  slightly  more  fragile,  while  cells  washed 
in  citrated  saline  were  not  affected  by  the  procedure.  Cells  treated  by  oxygen 
were  more  resistant,  while  those  treated  by  carbon  dioxide  were  more  fragile. 
He  em]ihasized  the  fact  that  if  comparable  results  are  to  be  obtained  by  different 
workers,  a  constant  dilution  (1  to  10  by  his  method)  of  the  blood  must  be  used. 
Butler's  readings  for  normal  and  his  results  on  patients  correspond  in  most  in- 
stances with  our  own  experience,  although  his  method  is  different  and  our  dilu- 
tions are  approximately  1  to  25. 

Hill  obtained  high  readings  as  a  result  of  the  use  of  washed  corpuscles. 
Davis  concluded  that  he  obtained  less  uniform  results  with  washed  corpuscles. 
Hill  also  demonstrated  that  the  use  of  arsenic  increased  the  resistance  and  that 
splenectomy  lowered  the  point  of  complete  hemolysis. 

A  word  should  be  said  concerning  the  importance  in  our  own  experience,  of  a 
control  test  in  the  estimation  of  fragility.  The  control  test  furnishes  a  method 
of  determination  of  the  accuracy  of  the  salt  solution  used.  Moreover  with  the 
use  of  a  fixed  normal,  for  example,  of  0.34  per  cent  for  maximal  resistance, 
smaller  variations  in  resistance  can  not  be  accurately  interpreted.  With  the  use 
of  a  control  a  variation  of  from  0.02  per  cent  to  0.04  per  cent  may  be  regarded 
as  quite  definite.  In  this  v^ay  the  use  of  a  control  test  furnishes  a  better  method 
of  comparison  and  interpretation,  in  addition  to  its  value  as  a  test  of  the  ac- 
curacy of  the  salt  solution  itself. 

te;chnic  of  test  for  fragility  of  erythrocytes 

A  review  of  the  literature  of  diseases  marked  by  blood  destruction  im- 
presses one  with  the  fact  that  there  has  been  no  uniformity  in  the  various  meth- 
ods used  in  studying  the  fragility  of  the  red  blood  cells. 

The  use  of  saponin  need  not  be  considered  in  connection  with  the  present 
study.  The  work  of  M'Neil  seems  to  indicate  that  a  study  of  fragility  with  this 
hemolytic  agent  does  not  give  results  conforming  in  all  respects  to  those  ob- 
tained with  hypisotonic  salt  solutions. 

Most  methods  of  testing  the  fragility  of  erythr()c\-tes  depend  on  the  observa- 
tion of  the  breaking  up  of  the  cells  in  salt  solutions  of  various  percentage 
strength,  the  chief  difference  lying  in  the  method  of  making  the  \-arious  solu- 
tions, and  of  reading  and  rc|»orting  end-points,  or  degrees  f)f  hemolysis. 
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l\;irMiL-r  and  I'l-arcc  cnipli))  cd  'I'licoliald  Siiiilh's  method  as  modified  by 
(raw  "C'licnucall)  ]>uw  ^odiuiii  (.lilnridc  uaN  diiccl  for  two  iiour.s  at  170''  C  and 
iiumctliatfl}'  weighed  in  amounts  necessary  to  make  500  c.c.  volumes  of  salt  so- 
lution ranjj^inj,'  from  0.1  tn  0.5  jter  cent  in  stejjs  of  0.25  \)cr  cent.  In  order  to  be 
sure  of  approximalcly  llic  s;mie  volume  of  corpuscles  in  the  anemic  as  in  the 
normal  bloods,  the  ,i;cntly  delibrinale*!  blood  was  centrifuj^ed  and  the  serum 
drawn  oti.  One-lentlt  centiincicM-  of  the  corpuscular  mass  was  measured  in  a 
graduated  pipette  and  placed  in  .^  c.c.  of  each  of  the  various  salt  solutions. 
Standard  colorimetric  scales  for  comparison  were  made  by  lakin^j  red  cells  with 
distilled  water;  thus  the  lakint,''  of  0.4  c.c.  of  the  corpuscular  mass  in  12  c.c.  of 
distilled  water  represented  a  standard  of  100  per  cent  hemolysis.  Dilutions  of 
this  solution  were  made  so  as  to  have  tubes  showing  the  color  values  of  80,  60, 
40,  and  20  per  cent  hemolysis."  Preliminary  readings  were  made,  and  the  mix- 
tures placed  in  the  incubator  for  eighteen  hours  when  the  results  were  finally 
read. 

Butler  describes  his  technic  in  detail.  The  essential  difference  in  his  method 
from  others  is  in  the  manner  of  making  his  mixtures  of  blood  and  saline.  He 
uses  a  Wright  capillary  pipette  of  fine  bore  with  an  arbitrar}'  unit  of  measure- 
ment marked  on  the  capillary  portion  of  the  tube.  This  small  pipette  is  used  for 
measuring  nine  units  of  saline  solution  of  definite  percentage  strength  into  a 
miniature  test  tube  made  from  ^-incli  glass  tubing  cut  off  in  l}4-inch  lengths  and 
sealed  at  one  end.  This  procedure  is  repeated  using  each  one  of  the  different 
stock  saline  solutions  made  fresh  each  day  from  a  stock  1  per  cent  sodium 
chloride  solution.  Rutler  uses  a  burette  for  making  dilutions  of  1  per  cent 
sodium  chloride  with  distilled  w^ater  in  intervals  of  strength  of  0.025  per  cent. 
Generally  the  range  employed  is  from  0.45  per  cent  to  0.30  per  cent.  In  a  few- 
instances  the  strongest  solution  is  0.7  per  cent.  A  single  unit  of  blood  drawn  in 
the  Wright  pipette  from  a  puncture  of  the  thumb,  is  added  to  each  of  the  small 
test  tubes  containing  nine  units  of  saline,  so  that  his  final  mixture  is  aKvavs  1 
to  10. 

Hill  has  recently  reported  a  method  in  which  he  used  a  definite  amount  of 
washed  corpuscles  (0.05  c.c.)  in  hypisotonic  salt  solutions  of  dift'erent  ])ercent- 
ages. 

The  method  of  Ribierre  has  seemed  to  us  to  be  the  most  satisfactorv  simple 
method  for  accurately  determining  the  fragility  of  ervthrocytes.  This  author 
uses  a  stock  solutioii,  of  0.5  ])er  cent  sodium  chloride.  In  a  series  of  small  test 
tubes  he  places  dift'erent  amounts  of  this  stock  solution;  in  the  first  tube  50  drops, 
in  the  second  48,  in  the  third  46.  etc.  To  each  tube  is  then  added  the  number  of 
drops  of  distilled  water  necessary  to  make  the  total  volume  of  solution  in  each 
tube  50  drops.  A  definite  amount  of  blood  (20  cm.)  measured  with  a  graduated 
capillary  pipette  is  added  to  each  tube  of  solution.  The  various  degrees  of 
hemolysis  from  "slight"  to  "complete"  are  noted.  Normally,  hemolysis  begins 
in  the  tube  containing  44  drops  of  0.5  per  cent  salt  solution.  The  percentage 
of  salt  in  this  tube  is  44  '50  of  0.5  per  cent,  or  0.44  per  cent.  Our  own  modifica- 
tion of  this  method  in  detail  is  as  follows  : 

The  stock  solution  is  made  by  dissolving  0.5  gm.  sodium  chloride   (chemi- 
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Fig.    1. — Dilutions  are  made  of   S    per  cent  sodium  chloride   solution  by   adding  distilled  water   by   the   drop 
method,   so  that   each   tube  contains   twenty-five   drops   of  hypisotonic   solution. 


Fig.    2. — One   drop  of  whole   blood   is   added   to   each    tulie    nf    hyjiisotonic    solution. 
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cally  j)urc  and  anhydrous)  in  100  c.c.  distilled  water.  Great  care  should  he  ex- 
ercised in  niakiiiL^  this  solution.  A  i^iunl  halancc  nuist  he  used  for  weij^hing  the 
salt,  and  a  \(ihunctric  tla^k  eni]iloyi'd   t'or  nii-asurinj.,'  the  water. 

.\  IweKe  hoK'  W  asserniann  rack,  with  at  least  two  rows  of  holes,  is  filled 
with  three-inch  hy  three-eighths-inch  luhes.  The  front  row  is  for  the  patient's 
test,  the  hack  row  for  a  control.  The  tuhes  in  the  front  row  are  numbered  with 
a  glass  marking-pencil,  25,  24,  23,  22,  21,  20,  1'',  IS,  17,  \C>,  \?,  and  14.  In  each 
tube  in  the  front  row,  and  in  the  tube  in  the  back  row  immediately  l>ehind  it,  is 
l)laccd  the  number  of  droj)s  of  0.5  per  cent  salt  solution  inrlicated  by  the  figure 
marked  on  the  tube  in  the  front  row.  .\  cajiillary  i)i]iette  drawn  from  soft  glass 
tubing  is  used  for  i)utting  the  drops  of  salt  solution  in  the  tubes.  With  the  same 
pijiette  distilled  water  is  added  drop  by  drop  to  each  tube  so  that  there  is  a  total 
of  25  drops;  for  exam[)le  a  tube  marked  "20"  should  contain  20  drops  of  0.5 
per  cent  sodium  chloride  solution  and  5  drops  of  distilled  water,  and  the  tube 
immediately  behind  it  (control  tube)   should  contain  the  same. 

The  patient  is  bled  by  puncturing  the  \ein  in  the  usual  manner  for  obtain- 
ing blood  for  a  W'assermann  test.  A  rather  small  gauge  needle  should  be  used, 
and  there  should  l)e  no  delay  in  getting  the  blood.  An  all  glass  syringe,  sterilized 
by  boiling,  and  thoroughly  dried  should  be  used.  It  is  not  necessary  to  rinse  out 
with  normal  salt  solution,  in  fact  it  would  not  be  advisal)le  as  in  this  way  an  ex- 
cess of  salt  might  be  added  to  the  solutions  in  the  tubes.  One  drop  of  blood 
should  be  allowed  to  fall  into  each  tube  of  the  front  row.  The  tube  should  be 
thoroughly  shaken  to  make  an  immediate  corpuscle  suspension.  The  plasma  is 
greatly  diluted  and  usually  no  fibrin  is  formed.  If  a  slight  clot  forms  it  should 
be  free  from  corpuscles. 

In  the  back  row^  (control  tubes)  should  be  placed  blood  obtained  in  a  similar 
manner  from  a  normal  person.  It  may  seem  unnecessary  to  use  a  control  in 
every  test.  In  fact  if  several  patients  are  being  tested  at  one  time,  one  control 
serves  for  all.  The  purpose  of  this  test  of  normal  blood  is  to  insure  that  the 
salt  solution  is  of  the  proper  strength,  as  of  course  a  very  slight  alteration  makes 
a  difference  in  the  result.  Every  patient's  blood,  then,  is  considered  not  only  in 
relation  to  the  different  strengths  of  salt  solution  determined  by  reckoning  the 
dilutions  in  each  tube,  but  also  is  compared  with  the  behavior  of  supposedly  nor- 
mal corpuscles  in  solutions  of  exactly  the  same  strength. 

The  tubes  are  allowed  to  stand  an  hour  or  two  at  room  temperature  and  the 
results  are  then  read.  The  dilution  in  which  there  is  just  a  slight  tingeing  of  the 
supernatant  fluid  due  to  the  laking  of  a  few  of  the  least  resistant  corpuscles  is 
noted  as  the  point  of  initial  hemolysis.  Reading  from  left  to  right,  the  first  tube 
in  which  it  can  be  demonstrated  that  the  hemoglobin  is  entirelv  free,  and  that 
there  is  no  corpuscular  residue  evident  b\-  shaking  the  tube,  indicates  the  point 
of  complete  hemolysis.  The  percentages  of  salt  solution  indicative  of  initial 
and  complete  hemolysis  are  readily  reckoned ;  that  is  : 

Tube  marked  20  showing  beginning  hemolysis  contains  20  25  of  0.5  per 
cent  sodium  chloride  =  0.40  per  cent  sodium  chloride. 

Tube  marked  16  showing  complete  hemolysis  contains  16  25  of  0.5  per  cent 
sodium  chloride  ^  0.32  per  cent  sodium  chloride. 
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The  |)erccnlaf,fc  can  he  iiiimc(liak-l\-  drlenniiu'd  1>\-  nuilliplx  in.^-  the  nuniher 
on  the  luhc  hv  0.02.  Normal  hlood  shows  hes^innins^-  hemolysis  in  0.42  per  cent 
to  O.o8  ])er  cent  sodium  cldoridc  solutions  and  hemolysis  to  he  complete  in  so- 
lutions of  0.36  per  cent  to  0.32  per  cent  sodium  chloride.  When  initial  and  com- 
plete hemolysis  occur  in  solutions  stron.i^er  than  normal  an  "increase  of  fragil- 
ity" is  ])rcsent.  When  hemolysis  occurs  only  in  solutions  weaker  than  those 
which  lake  normal  hlood,  the  cells  under  ohservation  are  more  resistant  than 
normal  and  such  blood  is  rejiorted  as  having  an  "increase  of  resistance." 

It  seems  to  us  imiwrlant  to  use  clnelly  the  e.\i)ressions  "initial  hemolysis," 
"complete  hemolysis,"  "increase  of  fragility,"  and  "increase  of  resistance"  in 
order  to  obviate  the  confusion  of  terms  which  is  apt  to  occur  in  a  discussion  of 
this  subject. 

CLINICAL  RESULTS 

We  have  had  an  opportunity  to  study  a  comi)aratively  large  group  of  cases 
of  hemolytic  jaundice,  pernicious  anemia,  splenic  anemia  and  myelocytic  leu- 
cemia  with  respect  to  fragility,  and  the  results,  alth(mgh  largely  of  corroborative 
value,  demonstrate  certain  interesting  details. 


Table  I 

Fr.\gility  Tests  in  Hemolytic  Jaundice 

Twenty-three  Nonoperative  and  Preoperative  Cases 


Percentage  NaCl 

case 

REMARKS 

INITIAL 

HEMOLYSIS 

COMPLETE 

HEMOLYSIS 

CONTROL 

PATIENT 

CONTROL 

PATIENT 

86218 

.42 

.46 

135948 

.34 

.40 

141268 

.34 

.40 

153245 

.38 

.46 

148209 

.36 
.42 

.40 
.44 

Brother  complete  .42. 

161538 

.38 

.44 

162670 

.36 

.40 

94675 

.38 

.44 

91298 

.32 
.36 

.40 
.40 

153653 

.36 

.42 

Mother  complete  at  .40.^  Nonoperative. 

157525 

.35 

.38 

Mother  complete  at  .42.     Nonoperative. 

169405 

.36 

.42 

No  operation. 

172287 

.38 
.36 

.42 
.42 

Mild.     No  operation. 

216019 

.44 

No  operation. 

205552 

.36 

.38 

.42 
.40 

Father  .46  —  .40. 

.44 

.46 

.36 

.38 

187817 

.46 

.50 

.38 

.46 

No  operation. 

216591 

.42 

.46 

.34 

.38 

192817 

.44 

.50 

.36 

.42 

211816 

.42 

.48 

.34 

.40 

212273 

.50 

.40  •  -■ 

Father  .50  —  .42. 

190364 

.46 

.40 

190774 

.50 

.3.8 

.44 

.50 

.34 

.  40 

212934 

.46 

.42 

.36 

.36 

Averages 

.44 

.478 

.363 

.4.12 
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Hemolytic  Jaundice,  {23  Cases,  Tables  I,  II.  <iii<l  ///).-  'I'hc  fraj^ility  of 
t'r\  throcytcs  has  been  estimated  in  twenty-five  |)atieiit>  with  hemolytic  jaundice. 
'IMusc  were  all  definite  cases  althouj^h  some  of  them  were  mild.  In  twenty-three 
n(iiiii|)(.'r,'ili\  r  and  inx'i)|Hrati\e  cases  twenty-nine  tests  were  made;  in  all  hut 
three  there  was  a  markedly  increased  fragility.  In  twf>  of  these  three  the  point 
of  complete  hemolysis  was  0.02  per  cent  higher  than  the  controls.  In  one  only 
of  the  entire  group  could  the  fragility  he  said  to  he  uftrmal ;  this  was  in  a  very 
mild  hut,  from  all  standpoints,  a  definite  case.  It  is  an  important  fact  that  no 
case  which  from  a  clinical  or  surgical  standpoint  could  be  diagnosticated  as  pri- 
mary hemolytic  jaundice,  showed  an  mcrease  of  resistance.  The  fact  that 
hemolytic  jaundice  may  occur  with  normal  fragility  is  corroborated;  hut  it  is 
possible  that  observations  at  other  times  would  show  in  the  same  patient  an  in- 
creased  fragility.     It  is  also  probable  that  the  increased   fragility  of   hemolytic 

Table  II 
Fragility  Tests  ix  Hemolytic  Jaundice  After  Splenectomy   (l^  Cases) 


Percentage  XaCl 

TIME    AFTER 

CASE 

SPLENECTO.MY 

initial 

hemolysis 

COMPLETE 

HEMOLYSIS 

CONTROL 

PATIENT 

CONTROL 

PATIENT 

112836 

.34 

.40 

1  year    8  months. 

.36 

.48 

1  vear    9  months. 

141268 

.36 

.46 

18  davs. 

142074 

.38 

.42 

15  davs. 

15324.5 

.34 

.42 

1  month. 

14820!) 

.36 

.36 

23  davs. 

.36 

.40 

4  months. 

.42 

.42 

.36 

.36 

1  vear    2  months. 

161538 

.34 

.40 

21  davs. 

162670 

.32 

.42 

22  davs. 

.36 

.40 

2  months. 

.42 

.50 

.32 

.36 

1  voar    8  months. 

94675 

.32 

.32 

1  month. 

216591 

.44 

.50 

.32 

.38 

22  davs. 

190364 

.46 

.50 

.36 

.40 

18  davs. 

192817 

.38 

.50 

.32 

.36 

24  davs. 

212273 

.46 

.50 

.34 

.40 

19  days. 

Averages 

.43 

.486 

.344 

.396 

Table  III 
Fragility  Tests — Hemolytic  Jaundice 


23  cases  nonoperative  and  preoperative 
12  cases  postoperative  (splenectomy).  . . 

10  cases  preoperative 

Same  10  cases  postoperative 


General  Acerages — Percentage  XaCl 


INITIAL 

HEMOLYSIS 

COMPLETE 

HEMOLYSIS 

CONTROL 

PATIENT 

CONTROL 

PATIENT 

.44 

.478 

.363 

.412 

.43 

.486 

.344 

396 

.43 

.48 

.363 

414 

.43 

.486 

34 

.39 
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jaundice  can  be  modified  by  long  continued  anemia  and  by  a  concurrent  septic 
process  even  to'  the  degree  that  an  increase  of  resistance  may  be  present. 

The  relatives  of  four  patients  with  hemolytic  jaundice  were  found  to  liave 
an  increased  fragility,  in  two  instances  the  father,  in  one  the  mother,  and  in 
another  a  brother.  Two  of  these  four  relatives  had  no  symptoms  whatever  of 
the  disease,  and  in  two  of  them  the  symptoms  were  first  noted  at  the  age  of 
eighteen  and  twenty  years.  This  would  seem  to  indicate  a  definite  hereditary 
factor  even  in  cases  in  which  an  onset  occurs  in  later  life. 

The  averages  in  hemolytic  jaundice  for  initial  hemolysis- were,  controls 
0.44  per  cent,  patients  0.478  per  cent.  The  averages  for  complete  hemolysis 
were  controls  0.365  per  cent,  patients  0.413  per  cent.  The  point  of  highest 
initial  hemolysis  was  0.50  per  cent,  the  point  of  highest  complete  hemolysis  was 
0.46  per  cent. 

After  splenectomy  (Table  II)  for  hemolytic  jaundice  seventeen  tests  were 
made  in  twelve  cases.  In  general  an  increased  fragility  was  present  in  estima- 
tions made  fifteen  days  to  one  year  and  nine  months  after  splenectomy.  There 
was,  however,  a  definite,  although  slight  decrease  of  fragility  with  respect  to 
complete  hemolysis,  although  only  two  patients  showed  a  normal  resistance. 
One  patient  who  had  in  all  six  tests,  gave  a  return  to  normal  for  both  initial  and 
complete  hemolysis  one  A^ear  and  two  months  following  operation.  The  point 
of  initial  hemolysis  did  not,  however,  show  this  definite  shift  toward  normal 
after  splenectomy. 

The  averages  after  splenectomy  for  hemolytic  jaundice  were  for  initial 
hemolysis  controls,  0.43  per  cent,  patients  0.486  per  cent.  The  averages  for 
complete  hemolysis  were  controls  0.344  per  cent,  patients  0.396  per  cent. 

In  a  total  of  260  tests  on  225  patients  a  definite  increase  in  fragility,  0.04 
per  cent  or  more,  was  found  in  only  four  cases  which  were  not  hemolytic  jaun- 
dice. This  is  no  greater  number  than  would  be  accounted  for  by  errors  of 
technic.  These  cases  were,  respectively,  an  acute  lymphatic  leucemia,  a 
lymphosarcoma,  an  inoperable  carcinoma  of  the  stomach,  and  an  indefinite  case 
with  splenomegaly  and  arthritis.  Increased  fragility  in  cases  with  cyanosis  has 
been  noted  by  others  in  a  few  instances.  By  these  observations  the  value  of  the 
fragility  test  in  the  diagnosis  of  hemolytic  jaundice  is  conversely  demonstrated; 
that  is  the  finding  of  a  definite  increase  of  fragility  is  almost  certain  evidence  of 
the  existence  of  hemolytic  jaundice. 

Butler  has  shown  that  both  washed  (sodium  chloride)  and  unwashed  cor- 
puscles of  patients  with  hemolytic  jaundice  show  an  increased  fragility;  and 
that,  as  with  normal  cells,  oxygen  increases  their  resistance  slightly  while  car- 
bon dioxide  increases  their  fragility.  He  reports  six  cases  occurring  in  two 
families.     Davis  corroborates  the  findings  with  respect  to  washed  corpuscles. 

Myelocytic  and  Lymphocytic  Leucemia. — The  resistance  of  the  erythrocytes 
is  shown  to  be  normal  in  myelocytic  leucemia  (12  cases.  Table  IV).  There 
may  be  a  slight  "general  tendency  toward  an  increase  of  resistance,  but  this  is 
not  of  a  definite  nature.  The  averages  were,  for  initial  hemolysis,  controls  0.42, 
patients  0.436,  for  complete  hemolysis  controls  0.348,  patients  0.333.  Patients 
were  tested  before  and  after  the  application  of  radium  over  the  spleen  and  it 
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was   iIi(»ul;IiI    in   twf)   instances   tliat   an   increased    fraj^'ility    followed   the  use  of 
radinni.     This  ()hscr\  atioii  (hd  not,  however,  jirove  to  he  constant.     Three  cases 


'Iai.i.i;   I\' 
KnAcn.iTv  Tkst     .M Yia,()(  ytic   Lki  (  kmia   (l-i  Cahkh) 


MIN'IMCM 

MINIMl'M 

MAXIMIM 

MAXIMTM 

(ASK 

liKSISTANCK 

UKSISTA.NCI'; 

HKSISTAN<K 

ItKSISTANf  K 

DATK 

CON ruoL 

I' ATI  K. NT 

( O.NTKOL 

PATIK.VT 

I7;{747 

.36 

.30 

10-  2-16 

IHOM)!) 

.46 

.38 

5-  9-17 

17.S74(» 

.36 

.36 

10-  2-16 

iJ^2 1^207 

.46 

.34 

2-12-18 

iy4:5y9 

.44 

.42 

.36 

.34 

5-10-17 

221GG-i 

.40 

.46 

.32 

.30 

2-11-18 

.42 

.46 

.36 

.34 

2-15-18 

17;$77!2 

.34 

9-29-10 

l!)4!):5;} 

.42 

.42 

.34 

.30 

5-28-17 

!2()7();5,5 

.40 

.46 

.38 

.32 

9-  6-17 

'iH)n>5 

.46 

.40 

.34 

.30 

2-12-18 

.42 

.44 

.36 

.34 

1-28-18 

168742 

.34 

.34 

8-22-16 

.36 

.28 

2-  2-17 

192150 

'34 

.'ss' 

.30 

.30 

4-28-17 

Averages 

.42 

.  4;56 

.348 

.333 

of  lymphocytic  leucemia  were  tested,  two  of  them  showed  normal  resistance 
and  one,  an  acute  case,  a  slight  increase  of  fragility.  Butler  noted  normal 
fragility  in  two  cases  of  myelemia  and  one  of  lymphemia. 

Splenic  Anemia  (14  Cases,  liable  V). — The  cases  of  splenic  anemia  in 
this  group  were  carefully  selected.  Identifiable  cases  of  chronic  septic  sple- 
nomegaly, luetic  splenomegaly,  cirrhosis  of  the  liver  and,  so  far  as  possible,  all 
of  those  diseases  which  have  been  so  commonly  confused  with  splenic  anemia 
in  the  literature  were  excluded.  In  most  of  the  cases  of  splenic  anemia  a  def- 
inite increased  resistance  was  shown.  The  averages  for  the  fourteen  cases  were, 
for  initial  hemolysis  controls  0.438,  patients  0.402.  Complete  hemolysis  con- 
trols 0.353,  patients  0.316,  with  an  average  hemoglobin  of  44  per  cent.  There 
seemed  to  be  still  more  definite  increase  of  resistance  following  splenectomy. 

Karsner  and  Pearce  have  demonstrated  an  increase  of  resistance  experi- 
mentally following  splenectomy  in  animals ;  it  occurred  in  association  with  the 
anemia,  apparently  due  to  splenectomy.  The  increased  resistance  following 
splenectomy  for  splenic  anemia  in  man  occurs  without  apparent  relationship 
to  the  already  existent  anemia.  One  patient  showed  complete  hemolysis,  less 
than  0.28  per  cent,  two  years  and  ten  months  after  operation.  The  increased 
resistance  in  cases  of  splenic  anemia  preceding  splenectomy  may  be  entirely  sec- 
ondary to  the  chronic  anemia.  There  is,  however,  a  similarity  to  the  increased 
resistance  of  cases  of  portal  cirrhosis  in  which  anemia  of  a  definite  degree  has 
never  been  present.     Hill  found  normal  fragility  in  two  cases  of  splenic  anemia. 

Pernicious  Anemia  {]S  Cases,  Table  I'D. — Although  pernicious  anemia  has 
certain  features  that  are  similar  to  hcmolvtic  iaundice.  there  is  no  similaritv  in 
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the  hchaxior  of  the  erythrocytes  to  liypisotoiiic  salt  sohition.  The  resistance  of 
the  red  cells  is  usually  definitely  increased  in  pernicious  anemia  although  in  some 
of  the  cases  it  is  normal.     The  averages   for  eighteen  cases  were,   for   initial 


'  Table  V 

Fragility  Test  in  Splenic  Anemia  (14  Cases) 


Percentage  XciCl 

nb. 

CASE 

H.  B.  C.  IN 

INITIAL 

HEMOLYSIS 

COMPLETE 

HEMOLYSIS 

MILLIONS 

CONTROL 

PATIENT 

CONTROL 

PATIENT 

2^244(i{» 

.40 

.44 

.34 

.36 

52 

3.16 

161083 

.36 

.36 

50 

4.54 

165779 

.34 

.34 

34 

3.46 

158085 

.36 

.36 

45 

3.33 

214034 

.44 

.38 
.38 

.38 

.30 

.28 

52 

3.28 

167319 

.30 

.30 

73 

4.91 

216004 

.42 

.32 

38 

2.57 

214146 

.42 

.40 

.34 

.30 

26 

2.38 

144914 

.42 

.42 

.34 

.34 

63 

3.52 

215670 

.46 

.42 

.  36 

.34 

15 

1.57 

191277 

.44 

.44 

.36 

.30 

62 

3.96 

.42 

.40 

.34 

.28- 

45 

3.77 

209234 

.48 

.42 

.38 

.32 

20 

2.54 

119,505 

.44 

.30 

.38 

.28- 

30 

2.08 

129358 

.46 

.40 

.36 

.28 

60 

4.3 

Averages 

.438 

.402 

.353 

.310 

44.3 

3.28 

Table  VI 
Fragility  Test  in  Pernicious  Anemia  (18  Cases) 


Percentage  NaCl 

Hb. 

R.  B.  C.  IN 

CASE 

time  after 

initial 

hemolysis 

complete 

hemolysis 

MILLIONS 

splenectomy 

CONTROL 

patient 

control 

patient 

188649 

.44 

.40 

.36 

.32 

55 

2.49 

212480 

.44 

.38 

.38 

.34 

33 

1 .  33 

139095 

.36 

.28 

30 

1.78 

7  inonUis. 

158130 

.36 

.30 

28 

1.51 

7  weeks. 

162242 

.34 

.24 

50 

1.9 

220132 

.42 

.40 

.36 

.32 

43 

1.07 

151088 

.36 

.30 

41 

1.98 

4  months. 

153395 

.32 

.30 

75 

3.81 

3  months. 

157290 

.32 

.30 

84 

5.2 

18  days. 

188717 

.38 

.36 

30 

1.31 

197254 

.42 

.42 

.  36 

.36 

4(1 

1.51 

181414 

.36 

.36 

19 

1.03 

160970 

.38 

.32 

50 

2.57 

170115 

.36 

.36 

39 

2.44 

129968 

.32 

71 

2.0 

3  weeks. 

164775 

.34 

.34 

29 

1.9 

196267 

.42 

.44 

.32 

.34 

33 

1.74 

124257 

.38 

.34 

08 

4.28 

3  months 

Averages 

.428 

.408 

.355 

.  322 

45 . 4 

2.28 
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hemolysis,  controls  0.428,  iialiciUs  0.408,  complete  hemolysis  controls  0.335,  pa- 
tients 0.322,  with  the  lu-nio^liil.in  ri\crrif(inj,'  45  per  cent  and  the  red  cell  count 
2,280,000.  It  is  ])()ssiMi'  tli.ii  tlic  iiurcax'  ot'  resistance  has  hcen  due  to  the 
chronic  anemia  present. 

Again,  as  with  splenic  anemia,  the  resistance  of  erythrocytes  is  increased 
quite  definitely  after  splenectomy.  This  fact  I  believe  has  not  been  previously 
shown  so  clearly  in  any  oilier  series  of  cases. 

11  ill,  usiui^r  waslu'd  corpuscles,  found  that   fragility  in  thirteen  cases  of  per- 

T.MU.i:  VII 

Fr.\GILITY    TeST.S    in    PlRPrRA    (4    C.\SES) 


I'crccnlafjc  \a('l 

C.\SE 

INITIAL 
CONTROL 

HEMOLYSIS 
PATIENT 

COMPLETE 
CONTROL 

HEMOLYSIS 
PATIENT 

12155 

212138 

214778 

2'-2SI5.3<) 

.4(5 
.4<> 

.42 

.40 

.435 

.4() 

.44 
.4-2 
.40 

.43 

.34 

.36 
.34 
.32 

.34 

.34 
.36 

.34 
.32 

Avcrage.s 

.34 

Table  VIII 
Fragility  in  Anemia  of  Secondary  Type  (11   Ca.ses) 


Percentage  NaCl 

Hb. 

R.  B.  C.  IN 

CASE 

REMARKS 

INITIAL 

hemolysis 

complete 

HEMOLYSIS 

MILLIONS 

control 

PATIENT 

CONTROL 

PATIENT 

212144 

.42 

.34 

45 

3.99 

Colitis. 

156102 

.34 

.28 

29 

3.68 

Ulcer. 

221504 

.44 

.  40 

.36 

.28 

30 

3.71 

Ovarian  cvst. 

179009 

.38 

.30 

28 

2.6 

Cellulitis. 

166483 

.32 

.32 

39 

3.52 

Mvomas. 

162653 

.34 

.24 

29 

2.38 

Hemorrhoids. 

210376 

.46 

.46 

.38 

.30 

42 

4.0 

Hemorrhoids. 

195342 

.42 

.42 

.32 

.28 

35 

3.04 

Colitis. 

159417 

.34 

.34 

38 

3.99 

Mvomas. 

208004 

.44 

.44 

.36 

.34 

37 

3.56 

Hematuria. 

221439 

.38 
.  425 

.40 
.424 

.34 
.349 

.32 
.308 

48 
38 .  3 

2.97 

Sepsis. 

Averages 

3.503 

nicious  anemia  was  either  high,  low  or  normal,  while  Davis'  findings  more  nearly 
agree  with  ours  in  that  they  demonstrate  usually  an  increased  resistance. 

Purpura  (4  Cases,  Table  ]'II). — Fragility  tests  in  four  patients  with  severe 
forms  of  purpura  demonstrate  normal  values.  There  is  no  variation  whatever 
from  normal  and  although  the  series  is  small,  the  results  are  sufficiently  definite 
to  be  indicative.     Butler  obtained  normal  readings  in  one  case  of  purpura. 

ScTcre  Anemia  of  Secondary  Type  (11  Cases,  7\ible  I'lIL) — Anemia  of 
low  color  index,  whether  due  to  hemorrhage  or  a  chronic  infectious  process,  is 


47() 


TIIIC     lOLTKNAl.    C)i'    UAIiUKATURV    AND    CLINICAL    MKUICKXE 


most  apt  to  be  associated  with  an  increased  resistance  of  the  erythrocytes.  Nor- 
mal resistance  is  seen  in  some  instances,  but  the  averages  show  a  fall  of  0.04 
per  cent  for  complete  hemolysis.  The  degree  of  anemia  bears  a  relationship  in 
most  of  the  cases  to  the  increase  of  resistance.  The  readings  are  quite  com- 
parable to  those  of  pernicious  anemia.  Similar  conclusions  were  drawn  by  Hill. 
Chronic  Obstntcthc  Jaundice  {12  Cases,  Table  IX). — The  averages  ob- 
tained in  cases  with  chronic  jaundice  of  the  obstructive  type  are,  for  initial 
hemolysis  0.396  per  cent  and  for  complete  hemolysis  0.31  per  cent.  A  definite 
increase   in   resistance   is   demonstrated.      Certain   cases   of   chronic   obstructive 


Table  IX 
Fragility  Test  in  Chronic  Obstructive  Jaundice  (12  Cases) 


Percentage  NaCl 

CASE 

REMARKS 

initial 

HEMOLYSIS 

complete 

HEMOLYSIS 

control 

PATIENT 

CONTROL 

P.\TIENT 

206433 

.40 

.40 

.32 

.32 

No  operation;  probable  cancer,  gall 
bladder  and  chronic  jaundice  (3). 

1571.54 

.30 

.30 

Stone  common  duct,  jaundice  (3)  3 
months. 

167420 

.32 

.32 

Biliary  cirrhosis,  splenectomy,  jaun- 
dice (3). 

189394 

.46 

.42 

.36 

.32 

Stones,  G.  B.,  pancreatitis,  cirrhosis, 
jaundice  (2). 

156252 

.36 

.28 

Cirrhosis  of  livei,  ascites,  jaundice  (2), 
1  year. 

170914 

.36 

.28 

Chr.  pancreatitis  common  duct,  ob- 
structive jaundice  (3),  6  weeks. 

217651 

.42 

.36 

.36 

.18 

Carcinoma  (.''),  pancreas,  jaundice  (2). 
1  month. 

223891 

.42 

.38 

.32 

.28 

Sandy  muddy  material  common  duct, 
jaundice  (2). 

180780 

.32 

.28 

Subacute  pancreatitis,  cancer  {?), 
Hypertrophic  cirrhosis. 

192980 

.44 

.42 

.36 

.28 

Stones  in  gall  bladder,  suppurative 
cholangitis,  pruritis. 

210429 

.48 

.40 

.38 

.28 

Traum.  strict,  common  duct,  complete 
closure,  jaundice. 

201168 

.28— 

No  operation,  jaundice  (2),  1  year, 
gall  bladder,  enlarged  liver. 

Averages 

.436 

.396 

.342 

.31 

jaundice  give  approximately  normal  readings,  but  in  the  large  majority  of  in- 
stances resistance  is  markedly  increased.  Whether  this  is  due  entirely  to  the 
jaundice  or  also  to  factors  present  as  a  result  of  complications,  can  not  be 
determined.  There  is  some  reason  to  conclude  that  chronic  septic  and  toxic 
processes,  as  well  as  bile  pigments,  increase  the  resistance  of  erythrocytes,  and 
it  is  probable  that  cirrhosis  of  the  liver,  pancreatitis  and  gall  bladder  and  duct 
infections,  as  well  as  the  jaundice  itself,  may  be  factors  affecting  corpuscular 
resistance.  Ribierre's  thesis  contains  a  most  interesting  study  of  the  factors 
affecting  fragility  in  obstructive  jaundice.  Subsequent  observers  have  corrob- 
orated his  clinical  findings. 

We   have   not   reported   in    this   paper   the    results   on    a   large   number   of 
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miscellaneous  cases.     Conclusions  may  be  drawn  only  when  a  group  of  cases 
has  been  studied;  isolated  fuidinj^s  may  he  misleading  CTable  X). 

Sl'MMAKY 

A  total  of  260  tests  in  225  cases  is  the  basis  for  this  report.  A  modified 
and  somewhat  simplified  Ribierre  method  has  been  used. 

1.  Twenty-five  patients  with  hemolytic  jaundice  wxre  examined.  In  all 
bul  three  there  was  a  markedly  increased  fragility.  Two  of  these  three  showed 
an  increased  fragility  of  0.02  per  cent.  In  only  one  could  the  resistance  be  .=;aid 
to  be  normal.  Of  the  entire  grouj)  of  225  cases  there  were  only  four  with 
defniitely  increased  fragility  in  which  a  diagnosis  of  hemolytic  jaundice  could 
not  be  made.  Relatives  of  four  patients  with  hemolytic  jaundice  were  found 
to  have  an  increased  fragility ;  two  of  these  four  relatives  had  no  symptoms 
of  the  disease,  and  in  the  patients  themselves  the  onset  of  the  disease  dated  to 
the  age  of  eighteen  or  twenty  years,  indicating  a  hereditary  factor  even  though 

Table  X 
Fragility  of  Erythrocytes 


NUMBER 
CASES 

Percentage  NaCl 

AVERAGES 

AVERAGES 

INITIAL 
CONTROL 

HEMOLYSIS 
PATIENT 

COMPLETE 
CONTROL 

HEMOLYSIS 
PATIENT 

Hemolytic      jaundice      (non- 
operative  and  preoperative) 

Hemolytic    jaundice    (after 
splencctoniv) 

23 

12 
12 
14 
18 
4 
11 
1'2 

.44 

.43 

.42 

.438 

.428 

.435 

.425 

.436 

.478 

.486 

.436 

.402 

.408 

.43 

.424 

.396 

.363 

.344 

.348 

.353 

.  355 

.34 

.349 

.342 

.412 

.396 

Myelocytic  ieucemia 

Splenic    anemia 

.333 
.316 

Pernicious  anemia 

.322 

Purpura 

.34 

Secondarv  anemia 

.308 

Chronic  obstructive  jaundice. 

.31 

the  onset  was  late.     After  splenectomy  there  was  found  a  slight  decrease  in  the 
degree  of  fragility,  especially  with  respect  to  initial  hemolysis. 

2.  Twelve  cases  of  myelocytic  Ieucemia  showed  normal  fragility  with  very 
slight  variations  toward  increased  resistance. 

3.  In  fourteen  cases  of  splenic  anemia,  excluding  so  far  as  possible  all 
those  conditions  so  commonly  confused  with  splenic  anemia,  a  definitely  increased 
resistance  of  erythrocytes  was  shown.  A  still  greater  increase  of  resistance  was 
demonstrated  after  splenectomy. 

4.  Tn  pernicious  anemia  (18  cases)  the  resistance  of  erythrocytes  was 
slightly  increased.  Here  again  after  splenectomy  there  was  a  more  definite 
increase  of  resistance. 

5.  Four  cases  of  severe  purjuira  showed  a  strikingly  normal  hemolysis 
without  variations. 
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6.  Anemia  of  low  color  index,  whether  due  to  lieniorrhage  or  to  chronic 
sepsis,  was  accompanied  by  an  increase  of  resistance. 

7.  In  eleven  cases  of  clironic  ohstructixe  jaundice  in  j^eneral  an  increase  of 
resistance  was  shown. 

The  test  for  fragility  of  en'throcytes  in  hypisotonic  salt  solution  is  of  def- 
inite jtractical  \alue  especiall>"  in  the  diagnosis  of  all  those  diseases  which  may 
simulate  hemol}lic  jaundice.  It  is  more  accurate  when  compared  with  a  control 
test  of  normal  blood. 
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T  II.W  I-.  proposed  the  naiiif  " I 'l;isirio,<^a'iK-s!s"  to  cover  that  ^rouj)  oi  sUidics 
A  which  has  cxislcd  since  the  lime  of  I  )utrochet's  first  iinestigations  dealing  with 
the  ori<,nn  of  pioioplasm.  l''oi-  more  than  twenty  years  past  I  have  done  work  in 
this  tiehl,  whicli  wiih  that  of  Traul)e,  Lediic,  Hiitschli,  Quincke,  Harting,  Slack, 
Fischer,  and  others,  now  makes  up  a  \oluminous  Hterature.'  'J'he  science  covers 
not  only  the  attempts  which  have  been  made  to  reproduce  the  forms  of  cells  anrl 
of  low  er  organisms,  but  all  those  at  the  synthesis  of  albumins,  ferments,  lii)oid>, 
etc. 

My  personal  endea\ors  have  been  directed  to  the  problem  of  producing  arti- 
ficial cells  intended  to  mimic  as  perfectly  as  possible  the  structures  of  nature. 
My  first  ex]>erinients  were  made  with  organic  substances  like  tannin,  oleic  acid. 
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albumin  and  fats.  I  soon  noticed,  howe\er,  that  some  of  my  best  results  were  de- 
pendent upon  the  presence  of  mineral  impurities  in  the  substances  employed, 
more  particularly  soluble  silicates,  which  with  certain  salts  like  calcium  chloride 
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produce  prcciijitation  nienibrancs.     During  the  past  years,  I  have  bestowed  in- 
tensive studv  upon  the  artificial  forms  shcnvn  by  such  silicate  precipitates. - 

Careful  investigation  has  shown  me  that  colloid  silicic  acid  and  the  colloid 
silicates  yield  structures  most  like  natural    forms  when  produced   from  reaction 


Fig.   3 


Fig.   4 


FiR.   .S 


mixtures    of    very    low    concentration,    when    contact   between   the    precipitating 
agents  is  slow  and  when  viscosity  of  the  reacting  solutions  is  great. 

In  1917  I  observed  that  the  employment  of  double  salts  capable  of  entering 
into  double  decomposition  with  a  second  salt,  yielded  mixtures  of  crystalloid  and 
colloid  which  mimic  in  wonderful  fashion  cells  and  other  organized  forms  such 
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as  anu'ha'.  'I'o  prfKhuc  ihr-c  ^l|•|1(■!n^(•■^  I  Ij(l;;iii  with  a  saturated  sfjlutifjn  of  \k>- 
tassiuiii  silicate  uliicli  had  hccii  ^atu^at(.•d  with  |K)tassium  carbonate.  A  drop  of 
tliis  was  placed  on  a  slide  and  this  co\ cred  with  a  second  of  calcium  chloride. 
When  the  solutidii  of  pni.issiuni  -ilico-carhonate  had  a  sufficient  concentration 
(a  ^|)ecihc  j^raviiy  owv  l.^SOi,  tiystaN  (if  potas-'iuiii  chloride  hej^an  to  separate 
out,  which  lillle  h\    litlle  lost  their  -haip  ^luthne^  an<l  chani^efj  into  osmotic  halls 
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Fig.    S 

looking  like  cells  and  ameke  which  moved  about  slowly.     These  structures  could 
be  washed,  stained  and  preserved  in  Canada  balsam.-' 

In  1918  I  observed  that  belter  results  were  obtained  when  the  two  solutions 
were  allowed  to  diffuse  into  each  other  through  a  thin  porous  wall.  If  a  Cham- 
berland  filter  or  an  ordinary  ungiazed  porous   cup   is   filled   with  a  solution  of 
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potassium  silico-carhonate  and  this  is  tlu'ii  immersed  in  a  heaker  containing  one 
per  cent  calcium  chloride  (Fig.  1  )  there  appear,  ])y  the  next  day,  upon  the  sur- 
face of  the  porous  cu]).  mnnerous  tu])ules  wliich.  when  ohserved  microscopically, 
are  seen  to  consist  of  heauliful  hexagonal  cells  (Fig.  2)  often  showing  nuclei 
(Figs.   3,   4,   and    5)    and    son]etimes    figures   resembling   karyokinesis    (Fig.    6). 
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I  have  sent  many  such  preparations  to  my  colleagues  abroad  for  their  personal 
study.     Cells  thus  produced  resemble  very  closely  those  of  nature. 

Cellular  structures  thus  j)roduced  are  easily  destroyed  by  acids.  'Po  avoid 
this  I  have  made  silicate  figures  by  employing  another  double  salt,  namely,  that 
of  the  silico-fluorides.  For  this  purpose  I  merely  expose  an  ordinary  glass 
slide    to    the    vapors    emanating    from    a    bottle    filled    with    hydrofluoric    acid. 
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After  the  vapors  have  acted  upon  the  glass  for  two  or  three  days  the  >hde  is 
washetl  and  stained  with  Kiihne's  hlue.  The  microscope  reveals  numerous  struc- 
tures looking  like  isolated  cells  (Fig.  7),  lower  (organisms  (Fig.  8),  sj)orcs  and 
streptococcal  chains  (Fig.  9),  bacteria  (I'^ig.  10),  and  the  micellar  structures  of 
])roto()lasm  (F'igs.  11  and  12),  all  produced  in  consequence  of  the  formation  of 
insoluhic  colloid  silico-fluorides,  and  more  or  less  hardened  by  an  excess  of  hy- 
drofluoric acid.  The  best  structures  are  produced  at  a  distance  from  the  point 
where  the  vapors  attack  the  glass  most  intensely. 

I  h«jld  that  these  studies  on  the  structures  exhibited  by  colloid  silicates  are 
not  without  biological  significance.  Quite  apart  from  the  fact  that  the  production 
of  such  structures  and  their  identity  with  the  morphology  of  living  protoplasm 
indicates  that  the  physical  basis  underlying  the  two  must  have  much  in  common. 
I  believe  also  that  a  parallelism  exists  from  a  chemical  point  of  view.  Has  living 
protoplasm  also  an  inorganic  skeleton  upon  which  is  superimposed  a  "body  and 
flesh"  of  such  organic  materials  as  the  albumins?  I  incline  to  a  positive  answer 
in  this  matter  because,  on  the  one  hand,  the  silicon  compounds  are  widely  dis- 
tributed throughout  the  living  world  (a  point  to  which  I  have  repeatedly  called 
attention  in  years  past),  while,  on  the  other,  the  opinion  that  living  matter  con- 
sists exclusively  of  albumins  can  hardly  be  said  to  have  been  proved.  The  albu- 
min theory  may  be  true,  but  it  is  a  significant  fact  that  artificial  cells  mimicking 
in  their  morphology  the  living  have  not  thus  far  been  produced  from  albumin. 
They  may,  of  course^  be  produced  in  the  future  in  which  case  support  will  be 
given  to  Pfliiger's  theory  regarding  the  origin  of  life  on  this  planet  by  way  of  the 
cyanogen  compounds;  but  until  such  proofs  are  forthcoming,  a  study  of  such 
inorganic  cells  as  I  have  described  is  to  be  recommended. 

Of  the  two  theories,  that  which  holds  that  life  may  have  had  its  beginnings 
in  inorganic  materials  is  the  easier,  for  albumins,  fats,  formalin,  glycolic  acid, 
etc.,  are  all  labile  substances  and  hardly  conceivable  as  existent  in  a  primitive 
world.  On  the  other  hand,  the  interaction  of  solutions  produced  by  the  action 
of  water  and  of  atmosphere  upon  the  earthy  constituents  of  the  soil  is  able  to 
produce  at  once  all  the  cellular  structures  which  I  have  described. 

I  do  not  pretend  to  have  proved  through  my  experiments  that  such  has 
been  the  source  of  living  things  upon  this  earth,  but  I  do  believe  that  I  have  at 
least  obtained  some  evidence  in  this  direction. 
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r.v  RussRi.i.  Richardson,  M.D.,  Philadelphia,  Pa. 


PXEUMOXIA  has.  in  recent  years,  become  one  of  the  greatest  scourges  of 
the  civiHzed  world.  There  are  few  regions  where  it  is  not  found.  Espe- 
cially is  it  i)revalent  where  many  peo]ile  are  moved  from  their  native  surround- 
ings to  a  climate  which  is  different  from  that  to  which  they  are  accustomed. 
The  reports  of  our  health  departments  show  such  an  increase  that,  at  present, 
when  tuberculosis  is  decreasing,  pneumonia  during  several  months  of  the  year 
holds  first  place  as  a  cause  of  death.  Notwithstanding  the  importance  of  the 
disease  and  the  large  amount  of  work  that  has  been  done  upon  it  we  have  made 
little  if  any  decrease  in  its  mortalit}'.  Our  very  treatment  shows  our  helpless- 
ness in  the  face  of  the  disease.  We  can  only  stand  by  to  support  the  patient 
with  our  treatment  while  he  fights  his  own  battle.  This  he  does  by  means  of 
antibodies  as  we  now  know.  However  if  he  lacks  the  ability  to  form  these  in 
sufficient  amount  our  supporting  treatment  is  useless.  Since  the  latter  part  of 
the  last  century  attempts  have  been  made  to  supply  these  antibodies  in  suffi- 
cient concentration  to  terminate  the  infection.  Eyre  and  Washburn^  tried  for 
protective  bodies  a  serum  made  l)y  Dr.  Pane  of  Naples.  They  used  three  cul- 
tures of  pneumococcus  from  cases  of  pneumonia,  one  from  a  case  of  empyema 
following  pneumonia,  and  one  from  the  mouth  of  a  normal  individual.  The 
serum  protected  in  high  dilution  against  two  of  the  pneumonia  cultures  and  the 
empyema  culture,  very  slightly  against  the  normal  culture  and  not  at  all  against 
the  third  pneumonia  culture. 

Neufeld-  demonstrated  as  a  probable  explanation  of  such  results  as  the 
above,  that  there  were  varieties  of  pneumococci  which,  though  resembling  each 
other  morphologically,  nevertheless  showed  very  distinct  immunologic  dififer- 
ences.  Dochez  and  Gillespie"  followed  this  with  a  more  detailed  study  dividing 
the  strains  of  pneumococci  into  four  types  or  groups.  These  they  numbered 
I,  II,  III,  and  IV.  Groups  I  and  II  were  identical  with  the  two  organisms  with 
which  Xeufeld  had  worked.  They  differed  from  each  other  only  slightly  mor- 
phologically but  immunologically  they  were  entirely  distinct.  These  immuno- 
logic differences  they  demonstrated  by  animal  protection  and  agglutination. 
Group  III  was  the  organism  otherwise  known  as  pneumococcus  mucosus.  It  is 
unlike  the  other  groups  morphologically,  as  well  as  in  its  immune  properties. 
Group  IV  was  a  heterogeneous  group  comprising  all  those  cultures  which  did 
not  belong  in  one  of  the  other  groups.  These  organisms  somewhat  resembled 
Groups   I   and   II   morphologically   but   did   not   interact   immunologically   either 

Table  I 

TYPE  NUMBER   OF   CASES  PER   CENT 

I                             28                             45 
II                              12                             20 
III                               9                              14 
lY 13 22 

*From   tlie   Aver    Lalioratory    of    llic    Pt- nnsylvania    llosiiital. 
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witli  tlu-  otlur  j^itiii|)s  (ir  anionic  themselves.  This  classification  has  been  the 
standard  tdllowed  \i\  all  later  work.  The  fir-^t  dl  cases  of  pneumonia  stiuliefl 
they  I'uiind  distrihuted  as  shown  in  Tahle  1. 

A  ciiniinuatiim  ni  thi•^  work  for  the  folKiwing  years  at  the  Hosjjital  of  the 
Rockefeller  Institute  j,M\e  results  closely  apprc^.ximating  Table  I.^  The  roult 
of  four  years'  examination  of  cases  there  is  shown  in  Table  II.'' 

Table  II 


TYPES 

1912- 

13 

1913-14 

1914-15 

191. S- 

1(5 

TOTAL 

F'ER    CE.NT 

1 

29 

22 

21 

33 

105 

33.54 

II 

8 

28 

35 

2S 

99 

31.62 

III 

7 

6 

9 

13 

35 

11.18 

IV 

16 

13 

17 

28 

74 

23.64 

The  mortality  of  the  different  tyjies  varies  greatly  as  shown  by  Cole."  Type 
III  is  by  far  the  most  fatal,  Type  II  being  generally  considerably  less  so,  and. 
Type  I  slightly  less  fatal  than  Type  II.  Tyi)e  IV  is  not  nearly  so  severe  an  in- 
fection and  has  a  correspondingly  low  mortality.  The  mortality  of  103  cases  as 
given  by  Cole  is  shown  in  Table  III. 

Table  III 

NUMBER 
TYPE  „  DEATHS  PER    CENT 

OF    CASES 

i                                   28                                   7                                   25 
II                                   25                                   9                                   36 
III                                   17                                   8                                   47 
ly 33 2 6 

Lister'  working  on  pneumonia  in  South  Africa  has  found  five  groups  of 
pneumococci.  Three  of  these  groups  are  identical  with  Groups  I,  II,  and  III  as 
found  in  this  country,  while  two  others,  which  are  prevalent  among  the  natives 
there,  have  not  been  found  here.^^ 

Mathers-'  in  Chicago  during  the  winter  of  1914-15  found  the  distribution 
of  types  remarkably  like  the  results  at  the  Rockefeller  Institute  except  that  the 
predominating  type  dififered.  In  Xew  York  Type  II  was  found  in  the  greater 
number  of  cases  and  in  Chicago  Type  I.  Table  I\'  shows  the  results  of  this 
work. 

T,\BLE    IV 


TYPE 

NU.MBER 
OF    CASES 

PER 

CENT 

DEATHS 

PER    CENT 

I 

50 

45. 

13 

26 

11 

25 

22.5 

7 

28 

HI 

5 

4.5 

4 

80 

IV 

31 

28 

8 

25 

The  mortality  among  these  cases  also  bears  a  striking  resemblance  to  the 
others.  So  few  cases  of  Type  III  are  found  that  the  percentage  of  mortality 
varies  more  than  the  other  types. 

Clough^"  at  the  Johns  Hopkins  Hospital  had  very  few  Type  II  cases  as  coni- 
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pared  with  other  workers,  and  no  deaths,  while  Type  IV  showed  the  high  mor- 
taHtv  of  57.2  per  cent.  Tlie  distriljution  of  types  among  54  cases  is  shown  in 
Table  V. 

Table  V 


NUMBER 

COMPLICA- 

PER 

LEUCOCY- 

TYPE 

OF 

CASES 

PER   CENT    • 

DEATHS 

PER   CENT 

TIONS 

CENT 

TOSIS 

I 

19 

35.2 

7 

36.8 

6 

31.6 

24,100 

II 

3 

5.5 

0 

0 

1 

33.3 

27,300 

III 

8 

14.8 

8 

100 

4 

50 

11,800 

IV 

14 

25.9 

8 

57.2 

5 

35.7 

24,600 

Atyp.    II 

9 

16.7 

4 

44.4 

2 

22. 

22,800 

It  will  be  noticed  also  that  the  Type  III  cases  had  the  remarkable  mor- 
tality of  100  per  cent.  These  cases  always  have  a  high  mortality,  but  seldom  as 
high  as  in  this  series. 

Frissell  and  Famulener"  in  New  York  found  among  19  cases  no  Type  III, 
and  a  rather  large  number  of  Type  I  cases.    Their  results  are  shown  in  Table  VI. 

Table  VI 


TYPE  NUMBER  OF   CASES      PER   CENT 


I  9  50  1  death 

II  7  38.8  4      " 

III  0  0 

IV  2  11.1  1       " 


In  Pittsburg  at  the  Allegheny  General  Hospital  Hartman  and  Lacy,^-  ex- 
amining 99  cases,  found  the  distribution  and  mortality  closely  agreeing  with 
earlier  results.     Their  figures  are  shown  in  Table  VII. 

Table  VII 

TYPE  NUMBER  OF   CASES      PER   CENT      DEATHS      PER  CENT 

I                        41                    4X4              f5  36^5 
II                        29                    29.3              10  34.5 
III                          6                      6                  4  66.6 
IV 23 232 6  26 

Notwithstanding  the  dit^culty  of  obtaining  satisfactory  specimens  for  ex- 
amination from  children,  a  considerable  number  of  these  cases  have  been  inves- 
tigated.^^' ^■*'  '^'^'  ^^  The  results  of  these  examinations  point  to  an  increased  per- 
centage of  Type  IV  cases  with  a  higher  mortality  in  this  type. 

During  the  stay  of  the  troops  on  the  Mexican  border  Nichols, ^^  investigating 
the  pneumonia  epidemic  there,  found  a  high  percentage  of  typical  types,  es- 
pecially Types  I  and  II.  Some  of  his  cases  were  treated,  probably  thus  account- 
ing for  the  low  mortality  in  Type  I.    His  results  are  given  in  Table  VIII. 

Table  VIII 

TYPE  NUMBER  OF  CASES      PER  CENT      MORTALITY,  PER  CENT 

i  84  56  14!8 

II  33  22  30.0 

III  3  2  33.0 

IV  30  20  13.3 


I 

33 

29.2 

IT 

11 

9.7 

TIT 

5 

4.4 

T\' 

64 

56.7 

TYi'KS  oi"  r.\i;u.\i()C(jc'cus  in  i,oi!AI<  I'.nivU.monia  4H7 

Durini,'  llu-  |i;isi  yc.-n-  lypc  dctcTmin.-ition^  li.'ivc  been  carried  on  at  the  var- 
ious aiiii\    canloiininits.     .McC'li-llaiul"'  at  Camp  I5caurcf(ard  found  the  di.stribu- 

tioii  and  iiini'lalily  as  follows: 

Tahlk  IX 

MORTALITY 
TVPK  NUMBKR   OF   CASKS      I'KR   CKNT      NUMBER  OF   CASES      PER   CENT 

4  (seruiTi  used)          12.1 
1                                       9.1 
1                                     20.0 
6 9A 

The  work  at  Camp  Funston,  Kansas,  gave  results  in  135  cases  similar  to 
those  of  McClelland  except  that  the  Type  II  cases  made  up  a  slightly  larger  per- 
centage of  the  total. ^''  Dick-"  at  Camp  Pike  found  that  48  per  cent  of  60  cases 
examined  showed  pneumococci,  and  of  these  there  were  21  per  cent  Type  I, 
34  per  cent  Type  II,  and  45  per  cent  Type  IV.  Only  one  case  of  Type  III  was 
observed. 

In  the  present  w(jrk  type  determinations  were  made  in  413  cases  of  lobar 
pneumonia  during  the  winters  from  1913  to  1917.  Only  cases  between  October 
1  and  May  1  are  included.  During  the  second,  third  and  fourth  winters  serum 
was  used  in  the  treatment  of  Type  I  and  part  of  Type  II  cases,  after  the  method 
used  by  Cole  at  the  Rockefeller  Hospital,  and  so  the  mortality  for  these  two  types 
is  given  for  only  the  first  year. 

The  determinations  were  made  on  the  basis  of  agglutination  together  with 
cultural  and  morphologic  characteristics.  A  24-hour  broth  culture  was  used 
with  an  equal  amount  of  immune  serum,  obtained  from  the  Hospital  of  the  Rock- 
efeller Institute.  At  first  the  serum  was  used  undiluted  but  later  in  dilutions 
of  1  :10.  This  was  done  with  both  Type  I  and  Type  II  sera,  controls  being  used 
in  each  case.  If  the  strain  in  question  did  not  agglutinate  with  either  serum, 
the  differentiation  between  Groups  HI  and  IV  was  then  made  on  the  basis  of 
morpholog}'  and  growth,  which  are  very  distinctive.  A\'hen  a  rapid  differentia- 
tion was  wanred  the  following  method  was  used:  There  was  injected  into  the 
peritoneal  cavity  of  one  or  two  white  mice  from  one-half  to  one  c.c.  of  sputum 
rubbed  up  with  normal  saline  solution.  After  two  to  four  hours,  if  a  peritoneal 
punctvtre  showed  many  organisms,  the  mouse  was  killed  and  an  agglutination 
test  made,  using  a  suspension  of  the  peritoneal  fluid.  Some  of  the  fluid  was  in- 
oculated into  broth  and  incubated  for  two  hours  and  another  agglutination  test 
made  on  this  culture.  A  precipitin  test  was  also  done  in  most  cases.  At  the 
same  time  a  culture  was  made  from  the  heart  blood  anil  an  agglutination  reac- 
tion done  later  on  this  to  control  the  first  reaction.  Especial  care  was  taken  to 
rule  out  any  strains  of  streptococci  which  are  the  organisms  in  so  many  cases  of 
pneumonia. 

During  the  season  of  1913-14,  determination  of  types  was  made  on  115 
cases.  These  were  distributed  among  the  types  as  shown  in  Table  X.  The 
mortalitv  is  also  shown. 
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Table  X 

TVI'lv  NUMBER   OF   CASES      PEK    CENT      DEATHS      PER    CENT 


I 

39 

33.9 

12 

30 

11 

28 

24.3 

7 

25 

HI 

6 

5.2 

3 

50 

IV 

40    •. 

34.7 

5 

12 

During  the  winters  of  1914  to  1917  there  were  308  examinations  made. 
These  are  given  in  Table  XI. 

Table  XI 

^f^^  1914-15  1915-16  1916-17 

I  27    31.37c        17    20.77r        34    26.37^  ~ 

II  12     13.97c        21     25.67f        26    20.17c 

III  7      8.17c        10     12.07c        11      8.57c 

IV  40    46.57c        33    41.47c        58    44.97c 

Totals    86  81  129 

The  normal  mortaHty  of  Groups  I  and  II  it  is  not  possible  to  estimate,  be- 
cause of  the  use  of  serum  in  these  cases.  The  mortality  of  Groups  III  and  IV 
was  as  follows : 

Table  XII 

^^^  1914-15  1915-16  1916-17 

'                                   III                           3~^\3%              4    40    7c          5    4547c 
IV 8    207c  6     17.67c        13     19.17c 

Five  cases  presented  a  combination  of  two  types.  Two  cases  had  Types 
I  and  III,  both  of  which  died.  Two  cases  had  Types  II  and  III  combined  and 
one  had  Types  I  and  IV.  All  of  these  recovered.  It  will  be  noticed  in  comparing 
these  tables  that,  both  in  distribution  and  mortality,  there  is  more  or  less  agree- 
ment, within  limits,  between  epidemics  of  different  years.  The  scattering  pneu- 
monias of  the  summer  season,  which  have  not  been  included  in  this  series,  are 
generally  in  our  experience  Type  IV  cases. 

In  order  to  find  out  what  dififerences  there  might  be  in  the  infections  caused 
by  organisms  of  these  groups,  a  study  was  made  of  the  typical  symptoms  of  the 
disease  and  some  of  its  complications.  The  symptoms  chosen  were  cough,  pain 
in  chest,  dyspnea  and  chill.  These  with  the  leucocytosis  make  up  so  large  a  part 
of  the  early  picture  of  pneumonia.  Table  XIII  shows  the  percentage  of  cases 
of  each  type  in  which  these  symptoms  were  present. 

Table  XIII 

TYPE  COUGH  PAIN  DYSPNEA  CHILL 

737o 

677o 
62% 

877c 


I 

887c 

817c 

^■^^^    |niild      287c 

II 

907c 

877c 

70% 

III 

75  7o 

757c 

757c 

IV 

817c 

917c 

,-^     (severe  157" 
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As  will  In-  MTU,  the  percciUafjC  of  cases  showing  cough  aivl  pain  docs  not 
var\-  iKiticralily  in  the  four  groups.  On  the  other  hand,  with  regard  to  dyspnea 
and  (.hill,  tlure  is  a  considerable  ditTerence.  The  so-called  typical  groups,  i.e., 
I,  II.  and  III,  show  a  higher  percentage  of  dys])nea  and  a  lower  percentage  of 

i-hill  iliaii  do  the  lu'tt'i-ogciu'ous.  'Pl;e  term  "chill"  was  not  used  in  regard  to 
chi!l\-  si'iisaiions,  hut  onl\  to  a  distiiui  shaking  chill.  The  number  of  cases  of 
t\|ie  III  all-  so  few  that  il  is  not  possible  to  i)lace  much  imjtortance  on  the 
■figures  t'or  that  group. 

Tin-  average  Icucocytosis,  on  the  other  hand,  shows  a  marked  similarity 
in  all  four  groups  : 

Table  XIV 

TYPE  LEUCOCYTES 

I                                                                    20.900 
II                                                                    16.700 
III                                                                    21.800 
IV 18.000 

Of  the  complications  of  pneumonia  there  were  studied  meningitis,  pulmo- 
nary tuberculosis,  delayed  resolution,  lung  abscess,  empyema  and  endocarditis. 
In  Table  XIV  are  shown  the  number  of  cases  of  each  which  occurred  in  the 
various  groups.  Only  cases  of  the  first  year,  when  serum  was  not  used,  are 
given. 

Table  X\' 

pulmox.        delayed         lun'g 
type        meningitis        tub.        resolution     abscess     empyema    endocarditis    total 

-  i  i  i  7 

2  -  -  2 

-  -  -  -  2 

3-6  1  13 

Perhaps  the  most  interesting  point  in  regard  to  the  distribution  of  the  com- 
plications is  that  about  twice  as  many  were  found  in  the  Type  IV  cases  as  in 
any  other  group.  One  case  of  pneumococcus  meningitis  caused  by  a  Type  I 
organism  came  to  the  hospital.  A  history  of  preceding  pneumonia  was  not  ob- 
tained. The  tuberculosis  became  evident  on  the  clearing  up  of  the  pneumonia, 
though  in  how  many  cases  it  had  been  there  before  it  is  not  possible  to  say. 

On  questioning  the  patients  regarding  what  they  considered  to  be  the  cause  of 
their  pneumonia,  it  was  found  that  a  large  number  of  those  with  Type  IV  infection 
were  able  to  remember  a  distinct  occurrence  to  which  they  attributed  their  ill- 
ness. Such  exposures  as  sitting  in  a  draft  when  warm,  an  engineer  coming  out 
from  the  hot  engine  room  on  a  cold  night,  a  man  going  outdoors  after  being  in 
a  warm  swimming  tank,  etc.,  were  a  common  history.  Type  IV  organisms  are 
commonly  present  in  the  mouth  forming  a  constant  source  of  infection  in  cases 
such  as  these.  Lyall,'-^  examining  tuberculosis  patients,  found  that  when  pneu- 
mococci  were  present  in  the  mouth  very  few  were  other  than  Type  I\  .  Studies 
in  this  laboratorv  on  normal  individuals  and  on  those  with  slight  coryza  show 


I 

- 

4 

II 

- 

- 

III 

1 

1 

IV 

1 

2 
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that  Type  TV  is  aj^parently  predominant  in  number.  Dochez  and  Avery--  have 
shown  that  the  l\pical  types  usually  disappear  from  the  mouths  of  convalescent 
pneumonia  jiatients  in  from  12  to  90  days,  leaving  only  Type  IV,  if  any,  present. 

On  the  other  hand,  those  patients  with  infection  of  the  typical  types  be- 
came ill  without  any  aj)i)arcnt  cause.  The  onset  was  that  of  a  true  epidemic  in- 
fection, without  any  noticeable  loss  of  resistance  preceding.  Nichols,'-''  working 
on  pneumonia  in  the  army,  where  on  account  of  age  and  physical  condition, 
diminished  resistance  should  not  be  a  large  factor,  found  78  per  cent  of  cases 
caused  by  typical  types.  It  would  seem  then  that  the  infections  caused  by  the 
tvpical  and  atypical  types  may  differ  more  or  less.  The  latter,  being  less  viru- 
lent, may  need  in  most  cases  a  loss  of  individual  resistance  for  its  development, 
while  the  former  are  more  truly  an  epidemic  infection,  though  the  lessening  of 
resistance  may  be  a  factor  in  these  cases  also.  The  greater  number  of  compli- 
cations in  cases  infected  wdth  a  less  virulent  organism  also  lead  toward  this 
conclusion. 

The  unfailing  regularity  wath  which  the  same  type  of  organism  is  found  in 
several  specimens  of  sputum  from  the  same  case  of  pneumonia,  and  the  specificity 
of  the  agglutinations  are  of  great  importance  in  the  practical  application  of  this 
work  to  the  serum  treatment  of  pneumonia.  The  number  of  cases  in  which  the 
type  has  been  determined,  widespread  as  they  are,  show  that  at  least  one-fourth 
of  all  cases  are  Type  I  which  is  now  amenable  to  serum  treatment,  and  that 
from  one-half  to  three-fourths  are  caused  by  the  typical  types  for  which  we  may 
hope  to  have  a  satisfactory  serum  later. 
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LABORATORY  METHODS 


A  SIMPLE   MKTMOI) 


KOk    llIK   l'l{KPARATI().\   OF  A   SI'lXAL 
AXIMAL^- 


I'.v  Ihr.ii  Mc-OuiGAN,  M.D.,  and  W.  J.  R.  I  Ik.inf.kami',  B.S., 

Chicago,  III. 

IN  the  preparation  of  spinal  animals  to  study  the  function  of  the  central  nerv- 
ous s}steni  and  to  analyze  druf^  action  on  this  system  various  complicated 
operative  procedures  ha\e  been  advanced. 

In  Sherrington's  spinal  animal  the  head  is  removed.  Jackson  (Experimen- 
tal Pharmacolog}^,  1917,  p.  195  et  seq.)  after  a  major  operation  injects  chloro- 
form into  the  vertebral  artery  and  in  this  way  destroys  the  brain.  The  chloro- 
form is  prevented  from  returning  to  the  heart  by  compression  of  the  return 
venous  circulation.  This  method  is  not  always  successful,  and  the  heart  is  fre- 
quently injured  l)y  the  chlf)roforni.  Luckhardt  (quoted  by  Jackson)  has  suc- 
ceeded in  destroying  the  brain  by  injections  of  chloroform  into  the  carotid  ar- 
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tery.  This  method  is  somewhat  less  involved  than  injection  into  the  vertebral 
artery,  but  has  many  of  its  disadvantages.  Other  workers  have  destroyed  tlie 
brain  by  injecting  a  3  per  cent  suspension  of  starch  granules.  In  all  these  methods 
the  blood  pressure  in  the  spinal  dog,  according  to  Jackson,  is  about  one  inch 
above  the  base  line.  From  our  point  of  view  these  methods  are  now  of  historical 
interest  only,  and  show  the  usual  steps  in  research — that  is — from  complicated 
to  simpler  and  better  methods. 


*r'r(im   tlie   Laboratory   of   I'harinacology,   University  of   Illinois,   College   of   Medicine. 
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In  the  iincslii^ation  of  strychnine  action  by  one  of  us  (McGuigan,  et  al. : 
Journal  of  Pharmacology  and  Experimental  Therapeutics,  ii,  p.  319;  v,  p.  469, 
and  \iii.  p.  43)  a  similar  advance  from  the  complicated  to  the  simple  is  recorded. 
In  these  latter  investigations  we  finally  injected  drugs  directly  into  the  fourth 
ventricle,  and  into  the  spinal  canal  in  other  regions.  In  the  preparation  of  spinal 
animals  this  method  may  also  be  used.  One  or  two  c.c.  of  chloroform  (other 
drugs  ma^•  be  used)  injected  into  tlie  fourth  ventricle  is  all  that  is  necessary.  The 
animal  prepared  in  this  way  is  far  superior  for  work  than  one  by  the  older 
metho(.ls  of  preparation. 

METHOD 

Anesthetize  the  animal  and  insert  a  tracheal  cannula  for  artificial  respira- 
tion. If  in  the  experiment  blood  pressure  tracings  are  desired  these  may  be  taken 
care  of  in  the  usual  way.  Then  when  the  spinal  condition  is  desired,  bend  the 
animal's  head  sharply  on  its  chest  and  insert  a  medium-sized  hypodermic  needle 
between  the  occiput  and  atlas  on  the  median  line  and  press  it  into  the  ventricle 
(Fig.  1).  There  may  be  some  slight  difficulty  in  getting  through,  since  in  some 
animals  there  is  an  overlapping  of  the  bones.  However,  if  one  keeps  in  the  mid- 
line, the  difficultv  is  very  slight  and  once  a  puncture  has  been  made  a  repetition  is 
very  easy.  The  needle  usually  drops  through  the  resistance  in  the  last  step  and  an 
abundance  of  clear  fluid  is  a  striking  indicator  of  the  location.  Frequently  one 
strikes  the  respiratory  center;  with  a  little  practice  this  can  be  avoided  if  desired. 
In  the  preparation  of  the  spinal  animal  injury  of  the  respiratory  center  is  of 
no  special  moment. 

ADVANTAGES   OF    THE    METHOD 

It  is  simple,  bloodless,  efficient,  and  has  practically  no  effect  on  the  blood 
pressure.  Absorption  from  the  ventricle  is  apparently  slight,  so  that  there  is 
no  direct  action  on  other  organs. 


SEDIMENTING  SUSPENSIOxN  OF  LIVE  BACTERIA  ON  A  LARGE 

SCALE* 


E.  M.  Houghton,  M.D.,  and  N.  S.  Ferry,  M.D.,  Detroit,  Mich. 


IX  the  sedmientation  of  bacterial  suspensions  or  broth  cultures  for  the  prep- 
aration of  bacterial  vaccines,  or  for  the  purpose  of  clarifying  the  broth  before 
filtration  in  the  process  of  obtaining  toxins,  where  the  question  of  time  as  well 
as  quantity  must  be  considered,  laboratories  have  been  compelled  to  resort  to  the 
use  of  a  centrifugal  machine  run  on  the  i)rinciple  of  a  milk  separator,  such  as  the 
Sharpies  machine,  which  will  permit  of  a  continuous  flow  of  liquid  to  and  from 
the  machine. 

It  has  been  found,  however,  that  when  the  bacteria  are  being  sedimented  in 
a  live  state,  it  is  rather  an  unsafe  procedure  for  the  operator  unless  some  pro- 


*From   the   Research    De];ai"tment,   Parke,   Davis   &   Company,    Detroit,   Mich. 
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tection  i.  ,,(lonK.,I  a,a,ns,   ,1,..  inn-  spray.  c-on,ain,nj^  hactcria,  which  is  j^ivcn  off 
t'-"ni  the'  li.|„„|  as  ,1  k-avcs  the  raimllv  revolving  howl. 

I-  1'.-.^  also  been  oLservcd  thai  the  chances  of  obtaining  a  sediment  or  a  f.l- 
"■•■'l^;  '"•■'•'  nnon,ta,n,nated  state  are  rather  dot,hiful  unless  the  entire  mechanism 

can  I.r  thunai-hly  slcrih-zed  l.cforr  and  after  Mpcratirm. 


A.  Centrifuge. 

B.  Atomizer. 

C.  Cotton    gasket 

D.  Ruljber    gasket. 

B.  Pipe    to    vacuiuii    system 

F.  Air    pressure    gauge. 

<j-  Air    safety    valve. 

/'•  •V'S'^'ia'ge   pipe  to  centrifuge. 

/•  Handle    to    supply    can. 

A.  Oiler    to    centrifuge. 


A.  Pipe  to  steam  gauge. 

B.  Steam   pipe. 

C.  Handle   to   supply   can. 
v.  Air  pipe   to  atomizer. 

E.  Bottle    of   germicide    for   atomizer. 

F.  Compressed    air    pipe. 

G.  Valve   for    siphon    intake. 


In  order  to  olnani  conditions  as  safe  as  i.ossible  for  those  in  close  proximitv 
to  the  machine,  and  maintain,  at  the  same  time,  an  aseptic  operation  throughoui 
ail  apparatus  has  been  devised  according  to  plans  suggested  bv  one  of  us  (EM 
H^)  winch  tulhlls  the  necessary  re^iuirements  without  influencing  in  anv  wav  the 
efficiency  of  the  separator. 

The  apparatus  in  question  consists  of  a   cast  iron  jacket,   opening  on  the 
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front,  with  a  swing  door,  which  completely  encloses  a  Sharpies  turbine-driven 
laboratory  centrifuge,  including  its  supply  can.  The  jacket  is  so  constructed 
that  it  becomes  an  autoclave,  when  the  door  is  securely  shut,  and  the  valves  of  the 
various  pipes  leading  to  the  jacket  are  closed,  in  which  the  entire  mechanism  of 
the  centrifuge  can  be  sterilized  wi,th  live  steam  at  a  temperature  of  120°C.  for  any 
length  of  time  deemed  necessary.  At  the  same  time  connection  is  maintained 
between  the  jacket  and  a  vacuum  system  in  order  to  facilitate  the  drying  of  the 
several  parts  of  the  machine,  after  the  steam  has  been  exhausted,  without  open- 
ing the  door  of  the  jacket. 

To  further  insure  the  safety  of  the  operator,  in  addition  to  a  rubber  gasket, 
on  the  inner  surface  of  the  door  where  it  comes  in  contact  with  the  rim  of  the 
jacket,  is  found  a  roll  of  cotton,  soaked  in  a  germicide,  packed  in  a  groove  sur- 
rounding the  frame  of  the  door,  making  the  door  crack  entirely  germ-proof. 

The  apparatus  is  also  equipped  with  a  safety  valve  for  the  compressed  air 
system  as  well  as  an  automatic  steam  pressure  gauge  to  doubly  safeguard  both 
the  operator  and  the  machine. 

If  it  is  found  necessary  to  gain  access  to  the  machine  any  time  before  the 
parts  can  be  autoclaved,  sterilization  of  all  exposed  surfaces  may  be  accomplished 
by  means  of  a  large  atomizer,  connected  with  the  compressed  air  pipe  and  a 
bottle  of  some  strong  germicide,  which  is  placed  in  the  top  of  the  jacket.  This 
atomizer  is  so  constructed  that  it  will  revolve  at  an  angle  of  360°  in  order  to  reach 
all  sides  and  corners,  and  of  such  dimensions  that  it  is  capable  of  discharging  with 
an  air  pressure  from  30-50  pounds,  causing  the  entire  chamber  to  be  filled  with  a 
fine  cloud  or  spray  and  rendering  any  exposed  parts  perfectly  safe  to  handle 
within  a  short  space  of  time. 

In  order  to  control  the  flow  of  liquid  from  the  supply  can  to  the  bowl,  when 
the  door  is  closed,  a  lever,  having  a  handle  on  the  outside  of  the  door  is  made  to 
connect  with  the  faucet  of  the  supply  can  so  that  it  can  be  manipulated  at  will 
without  exposing  the  inside  of  the  jacket. 

The  apparatus  has  been  given  a  thorough  trial  for  several  months  on  various 
vaccines  and  toxins,  and  has  been  found  perfectly  efficient  as  to  its  qualifications 
as  a  sterilizer,  as  well  as  a  separator. 

In  centrifugalizing  a  certain  lot  of  material  the  procedure  is  a  follows :  •  set 
up  the  machine  for  operation,  clamp  the  door,  shut  all  necessary  valves,  autoclave 
and  then  dry  with  vacuum.  Start  machine,  allow  suspension  to  siphon  from  flask, 
on  top  of  jacket,  into  supply  can.  From  there  it  will  flow  into  the  bowd  and  thence 
out  of  the  nozzle  through  the  funnel  into  the  plugged  flask  under  the  jacket.  The 
sediment  will  be  found  in  the  bowl  and  the  clear  filtrate  in  the  flask,  both  uncon- 
taminated. 


AN   AITAKATUS   FOI{    TIIK    (il'AXTI'l'A  TIVK    DKI  I:KMI.\.\TK)\    OF 
UKOHILIX  AND  IJKOBILIXCXiFX 

P>v  J.  I).  \U)\]),  li.Sc,  Iowa  City,  I(j\va 

THE  a[)paratus  herewith  described  has  been  found  convenient  in  making  quan- 
titative determinations  of  urobihn  and  urobiUnogen.  It  has  been  in  use  for 
nearly  a  year. 

It  was  constructed  from  a  HelHge  colorimeter  and  a  hand  spectroscojie,  and 
consists  essentially  of  a  hollow  glass  wedge  which  can  be  moved  vertically  before 
a  fixed  spectroscope.  If  the  Helligc  C(jlorimeter  is  not  obtainable,  a  similar  ap- 
paratus can  be  made  without  much  trouble. 

The  wedge  is  made  by  cutting  pieces  of  clear  glass  to  the  desired  size,  and 
then  grinding  the  edges  with  carborundum  powder  and  water  on  a  sheet  of  plate 
glass  until  the  surfaces  to  be  united  approximate  closely  at  the  desired  angle. 
(See  diagram  for  dimensions.)  The  pieces  are  cemented  together  with  Canada 
balsam  ;  after  the  cement  is  ])artly  set,  the  cell  should  be  baked  at  approximately 
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2  piccei~all    edgci'  gno 


vnd 


Cell  A-s^^f^^^^ 


Fig.   1 

120°  C.  for  two  or  three  days.  To  prevent  the  cement  from  being  dissolved  out, 
a  little  melted  paraffin  should  be  run  down  the  seams,  but  should  not  be  allowed 
to  come  in  contact  with  the  anterior  or  posterior  surfaces  of  the  wedge. 

For  those  unfamiliar  with  the  Hellige  colorimeter  the  following  short  de- 
scription may  suffice. 

The  cell  is  supported  on  the  distal  panel  of  the  colorimeter,  which  is  provided 
with  a  pane  of  milk  glass  somewhat  larger  than  the  cell.  This  panel  is  movable 
up  or  down  by  means  of  a  rachet,  and  is  provided  with  a  scale  of  the  same  length 
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as  the  (ieplh  of  the  cell,  niul  sjrackiated  in  hundrethhs.  The  spectroscope  is  at- 
tached lo  ihc  lixed  panel  i)arallel  to  this  hy  means  of  a  U-shaped  brass  block  pro- 
vided w  itli  lui^s. 

The  whole  device  is  mounted  a.c^ainst  a  board  provided  with  a  one-inch  hole, 


Fie.    2 


I'it;.    0 


placed  opi)osite  the  spectroscope,  through  which  enters  the  light  from  a  40-watt 
electric  lamp  fixed  to  the  back  of  the  board.  The  lamp  is  enclosed  in  a  tin  cylin- 
der.    The  apparatus  is  best  used  in  a  dark  room. 


PROCEDURE 


The  sample  is  prepared  for  examination  according  to  the  method  ot  W  ilbur 
and  Addis.     The  cell  which  holds  aliont  10  c.c.  is  filled  with  the  solution,  and  the 
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point  is  found  w  lu'ic  ilu-  >pccinnn  just  disapjicars  with  nujderate  lij^lit,  but  re- 
,i|)|>rar>  wluii  the  liLjlit  i>  dinnnislu'd  Ijv  cliaiifrinfj  the  lij^ht  screen  of  the  spectro- 
scope. We  pict'cr  to  (.'Naniine  for  urot>ilin  hef(jre  addin<,'  the  IChrhch's  reagent, 
hut  alter  aciinhration.  The  l)an(l  is  more  sharp  under  these  condition>.  The  cell 
u>ed  here  i>  1   cm.  hioad  at   ihc  part  corres])ondini,'  to  100  on  the  scale. 


C.\IXL'1,.\TIUXS 


100 


Tf  the  scale-readint,'  l;e  represented  I)\-  A*,  tlien  rejjresents  the  number  of 

times  the  sample  can  he  diluted  and  the  si)ectrum  be  just  vi.sible  with  the  scale 
at  100.  This  value,  multii^lied  hy  the  previous  dilution  will  give  the  total  dilution 
value. 


A  SIMPLIFIED    TECHiNIC  OF  APPLYING  THE  ELECTRODES   L\ 
ELECTROCARDIOGRAPHY* 

By  David  Felberbaum,  M.D.,  Xew  York  City 


THE  usual  n^ethod  of  applxing  the  German  silver  plate  electrodes  upon  the 
limbs  of  the  subject  in  taking  electrocardiographic  records  is  more  or  less 
lime  consuming  and  untidy.  This  procedure  is  carried  out  by  wrapping  flannel 
bandages  that  have  been  soaked  in  warm  saline  solution  aljout  the  limbs,  enclosing 
the  electrodes.  These  bandages  soon  become  soiled  and  the  drippings  rapidly 
co\er  the  surroundings  of  the  patient.  We  have  frequently  found  that  when  a 
number  of  consecutive  electrocardiographic  examinations  are  made,  static  inter- 
ferences become  very  annoying,  due  to  the  crustations  of  salt,  making  conductors 
out  of  the  chairs,  etc. 

To   overcome   these   drawbacks    I   de\eloj)ed   the    following   simple   technic. 


Fig.     1. — This    illustrates    the    bag    with         Fig.    2. — This    illustrates    the    bag    with    the    electrode    placed 
the  single  layer  turned  back,  showing  how  between   the   twc   layers. 

the    bag    is    constructed. 


^Cardiological  Department   Montetiore  Home  and   Hospital,   X.   V. 
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A  sort  of  bag,  or  better,  mittenlike  sack  is  made  of  heavy  doublc-na])  flannel. 
This  is  cut  to  correspond  with  the  shape  of  the  electrodes,  but  considerably  larger. 
Four  layers  are  sewed  together  to  form  the  front,  wliile  a  single  layer  forms 
the  back  of  the  sack.  The  single  layer  is  sewed  along  the  edge  to  the  four  layers 
for  about  two-thirds  of  its  circumference  (Fig.  1).  'J'he  electrode  is  placed  be- 
tween the  two  after  the  bag  has  been  thoroughly  soaked  in  hot  saline  solution. 
The  whole  arrangement  is  then  firmly  bandaged  down  upon  the  limb  of  the 
subject  by  means  of  a  wide  rubber  bandage.  These  bandages  are  about  five 
inches  wide  and  about  36  inches  long,  and  are  cut  from  the  heaviest  1)andage  gum 
supi^lied  by  the  Hodgman  Rubber  Co.,  New  York.  The  rubber  bandage,  besides 
holding  this  apparatus  firmly  to  the  limb,  acts  as  an  insulator,  prevents  the  drip- 
ping, and  keeps  the  bag  warm.  The  rubber  bandage  is  prevented  from  unrolling 
by  placing  an  ordinary  heavy  rubber  band  around  the  end. 

This  arrangement  is  rapidly  applied.  Many  sets  of  bags  can  be  made  so  that 
each  patient  may  be  supplied  with  a  clean  one.  They  are  neat,  clean,  portable, 
occupy  very  little  space,  and  may  be  washed  or  even  sterilized. 

It  has  been  repeatedly  demonstrated  that  this  arrangement  causes  less  re- 
sistance in  the  string  circuit  than  the  former  method.  The  resistance  varies 
from  a  few  hundred  to  two  or  three  thousand  ohms.  I  seldom  need  to  employ 
the  ten  millivolt  switch,  and  in  that  way  always  work  with  a  highly  sensitive 
string. 

In  conclusion,  this  method  affords  us  a  simple,  rapid,  portable,  clean,  and 
accurate  means  of  attaching  the  electrode.  The  electrodes  are  kept  free  from 
corrosions  and  the  resistance  of  the  string  circuit  is  kept  at  a  minimum. 


A  SIMPLE  METHOD  FOR  DETERMINING  THE  CAPACITY  OF  "TO 

CONTAIN"  PIPETTES- 


By  Mary  W.  Wheeler,  B.S.,  Albany,  N.  Y. 


THE  inability  to  procure  accurately  standardized  "to  contain"  pipettes  re- 
cently, made  it  necessary  to  grind  down  the  slightly  broken  tips  of  some  that 
had  been  in  use,  and  then  to  restandardize  these.  Since  it  is  necessary  to  de- 
termine the  total  volume  of  liquid  in  a  "to  contain"  pipette  and  not  the  volume 
delivered  from  it,  the  usual  method  given  in  text  books  for  standardizing  "to 
deliver"  pipettes  is  not  applicable.  However,  this  method  requires  but  few 
modifications.    The  details  of  the  method  as  modified  are  as  follows : 

1.  A  ground-glass-stoppered  bottle  filled  with  distilled  water  and  a  small  cov- 
ered dish  (an  ordinary  stender  dish)  containing  a  piece  of  filter  paper  are  weighed 
together  on  accurate  analytical  balances. 

2.  By  means  of  a  suction  apparatus  as  shown  in  the  accompanying  diagram, 
water  is  drawn  into  the  pipette  from  the  bottle  just  to  the  graduation  mark.  Any 
water  adhering  to  the  outside  of  the  pipette  is  then  wiped  off  with  the  weighed 


*From   the    Division    of    I.aboratoiics   and    Research,    of   the    New    York    State    Deiiarlnient    of    Health, 
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lillcr  p.ipi'r,  wliicli  is  then  iiinncdiatclv  rctnnicd  Id  tlir  dish  .-hkI  covered  to  |ti-c\ci)t 
t'\  a|H )r;il ii Ml  (i|    iiiuisl  II I c. 

3.  The  I)(ililc  ;iiid  disli  ;iii'  rc'\\ci}.jhe(l  and  (he  weij^dit  oi  the  water  contained 
in  i1k'  pipe-lie  deleniiined  by  difference. 

4.  The  temperature  of  the  water  is  delerniined  ju>t  Ijefore  or  after  filhng 
the  pipette.  If  tlie  tniipir.itiiri-  of  the  room  is  practically  constant,  this  is  most 
easily  done  Ij\  fmdin.i,'  the  temperature  of  water  in  a  breaker  or  hfjttle  (similar 
to  the  OIK'  in  use)  standin<,^  near  the  apparatus  and  subjected  to  the  same  condi- 
tion. 

5.  Fi\e  determinations  are  made  for  each  pii)ette,  the  pi])ette  being 
thoroughly  dried  between  each  determination  by  rinsing  several  times  with  alco- 
hol and  finally  with  ether. 

6.  From  Tables  35-47  "Standard  f)ensity  and  Volumetric  Tables,"  U.  vS. 
Bureau  of  Standards,  Circular  No.  19,  correction  for  variation  in  temperature  is 
made,  the  xolunie  of  the  pipette  being  corrected  to  20"^  C. 

To  clieck  the  accuracy  of  this  method,  tlie  cai)acity  of  six  German  certified 
2  c.c.  "to  contain"  pipettes  was  determined. 

The  determinations  made  on  one  of  these  pipettes  is  given  below  in  detail. 

Pipette  No.  2720.  Two  c.c.  "to  contain."  certified  as  -|--001  c.c.  Temjiera- 
ture  of  Standardization  20°  C. 

(a)  Weight  of  bottle  of  water,  fiher  paper,  and 

stender  dish 

(b)  Weight  of  bottle  of  residual  water  and  slen- 

der dish  with  filter  paper 

(c)  Weight  of  water  contained  in  pipette  as  de- 

termined by  dit¥erence 

(1)  (4) 

(a)  95.6485  gm.       (a)  93.1110  gm. 

(b)  93.6526  "        (b)  91.1149  " 


(c)  1.9959  "  (c)  1.9961  " 

(2)  (5) 

(a)  91.7726  gm.  (a)  91.1149  gm. 

(b)  S9.7772    "  (b)  89.1195     " 


(c)     1.9954    "  (c)     1.9954    " 

(3) 

(a)  95.1068  gm. 

(b)  93.1110     "  Average   weight   of   wa- 
ter    contained     in     pi- 


(c)     1.9958     "  pettc,  1.99572  gm. 

Temperature  correction  from  Table  X'o.  36.  U.  S. 
Bureau   Standards,  Circular  No.   19. 

Amount  to  be  added  to  weight  of  water  in  grams 
as  determined  to  obtain  actual  capacity  of  pi- 
pette  in   cubic   centimeters   at   20"^    C.  =  .00529. 

1.99572  gm.  weight  of  water  in  pipette 
.00529  correction 


2.00101  c.c.  actual  capacity  at  20°  C. 
2.00000 


+.00101  c.c.  capacity  error 

The    following   table   gives   the    results    of    the    determinations    of    the    six 
pipettes. 
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Capacity  Ekkur  oi-  2  c.c.  "To  Contain"  Pu'KTTES 


CAPACITY    ERROR 

CAPACITY    ERROR 

NO.    or   PIPETTE 

AS   CERTIFIED 

BY    AHOVE    METHOD* 

2710 

—  .002   C.C. 

—  .00215    C.C. 

2712 

—  .003   C.C. 

—  .00331  C.C. 

2717 

4-  .C02  C.C. 

+  .00224  C.C. 

2720 

'   +.001  C.C. 

+  .00101  C.C. 

2726 

+  .C02  C.C. 

+  .00228  C.C. 

2729 

^-  .003  C.C. 

4-  .00312  C.C. 

In  ortlcr  Id  determine  the  error  winch  would  he  introduced  hy  not  wiping 
off  any  water  adhering  to  the  out.side  of  the  tip  of  the  pipette,  the  capacity  of 
pipette  No.  2720  was  again  determined.     The  method  was  the  same  as  before 


Fig.  1. — Apparatus  for 
standardizing  "to  contain" 
pipettes.  A,  5  c.c.  syringe 
draw;  B,  rubber  connection 
tor  holding  pipette;  C,  "to 
contain"  pipette  to  be  stand- 
ardized; D,  g  r  o  u  n  d-glass 
stoppered  bottle  containing 
water;  E,  slender  dish  con- 
taining filter  paper;  F.  beak- 
er of  water  containing  ther- 
mometer, for  temperature 
control. 


except  that  the  tip  was  not  wiped  with  the  filter  paper.  Only  three  determina- 
tions were  made  this  time  as  the  error  was  so  apparent.  The  result  was  as 
follows : 

Pipette  No.  2720.     Two  c.c.  "to  contain."  certified  as  +.001  c.c.     Tempera- 
ture of   Standardization  20°   C. 

(a)  Weight  of  bottle  of  water 

(b)  Weight  of  bottle  of  residual  water 

(c)  Weight  of  water  contained  in  pipette  as  de- 

termined bv  difference 


(1) 

(a)   36.7190  gm. 
(1))   34.7221     " 

fc)  +1.9969     " 

(2) 

(a)   34.7221  gm. 

(1))   32.7226     " 


(3) 
(a^   32.7226  gm. 

(b)  30.7261     " 

(c)  1.9965     " 


Average   weight    of    wa- 
ter    contained     in     pi- 
(c)     1.9995     "  pette,  1.99763  gm. 

*The  pipettes  are  certified  to  the  tliinl   decimal   iilace   only.      The  last   two   figures   in  this   culiunn   are 
added   to  show  that  a  slight  variation   here   would   ufit   alter   the   final   result  cf  the  determination. 
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TriniKraturc  corri-ctioii  from  Tal)k-  Xo.  36,  L'.  S. 

lUircau  of  Standards,  Circular  No.   19. 
Amount  to  l)f  a<ldc'd  to  wc-iglit  of  water  in  Rrams 
as  determined  to  obtain  actual  capacity  of  pi- 
pette in  cubic  centimeters  at  20^"  C.=.fJC)564. 
C.=.005M. 
1.99763  gm.  weit,'lu  of  water  in  iiipctti 
.00564  correction 


2.00327  c.c.  actual  capacitv  at  20"  C. 
2.00OC0 


+.00327  c.c.  capacity  error 

CONCr.USIOXS 

The  method  as  i,n\en  at)0\e   for  (Icterminin^  the  capacity  of  "to   contain' 

l)iliettes  is  simple,  practical,  and  sufficiently  accurate  for  laboratory  use. 
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Treadweil :   .Analytical  Chemistry,  translated  by  W.  T.   Hall.   1914.  ii.  524. 
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OX  THE  DETECTION  OF  CHLORETOXE  IX  MOTHER'S  MILK^ 


By    |.    E.    Blaxxer,    Detroit,    Michigax 


IT  IS  a  widely  recognized  fact  that  milk  fr(jm  lactating  mothers  may  possess 
a  fcM-eign  taste,  odor  or  color  following  the  ingestion  of  certain  substances.  As 
concrete  examples,  alcohol  has  been  found, ^  likewise  opium  and  morphine,  zinc, 
iron,  lead,  arsenic,  antimony,  bismuth  and  mercury.  These  facts  become  of  ut- 
most importance  in  reference  to  the  administration  to  the  mother  of  such  drugs 
as  may  be  injurious  to  the  child. 

The  extensive  use  of  chlcjretone  therai)eutically  calls  for  further  research 
in  this  particular  on  this  important  drug.  The  presence  of  chloretone  in  the  tis- 
sues, organs  and  fluids  of  the  body  after  ingestion,  has  been  conclusively  dem- 
onstrated by  Aldrich.- 

The  purpose  of  these  experiments  has  been  to  determine  the  presence  and 
amount,  if  any,  of  chloretone  in  the  milk  of  lactating  mothers.  Humans  and 
dogs  were  used  as  experimental  subjects. 

The  method  of  demonstrating  and  estimating  the  presence  and  quantity  of 
the  drug  was  precisely  that  originated  by  Aldrich.-^  The  efificacy  of  this  method 
depends  upon  the  characteristic  crystalline  form  of  chloretone,  volatility  with 
steam,  and  low  solubility  in  water.  A  brief  resume  of  the  method  may  not  be 
out  of  place. 

The  material  under  investigation,  properly  comminuted  or  digested  if  neces- 
sarv,  is  subjected  to  steam  distillation.     Great  care  should  be  exercised  in  keep- 


*Hroin   the   Research   Laboratories   of   I'arke,   Davis   &    Company. 
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ini;-  all  ct)nnocli()ns  alisolutel}-  tis^lit.  TIk'  (lislillate  is  i)lace(l  in  a  llask,  which  is 
connoctod  with  an  nprisj^ht  ccnidenscr  liaxinsr  a  circulation  of  very  cold  water, 
and  gently  heated.  If  the  test  is  positive,  crystals  of  chloretone,  long  and  feath- 
ery, will  appear  in  the  vicinity  of  the  steam  crest.  A  hand  glass  facilitates  the 
detection  in  case  of  very  small  (|uantitics.  This  test  possesses  much  delicacy, 
as  little  as  1  mg.  or  1   6()  gr.  ha\i.ng  heen  readily  detected. 

EXPERIMENTAL 

Cask  T. — Mrs.  J.  Ten  gr.  of  chloretone  were  administered  and  after  one  hour  60  mils 
of  milk  were  taken.     Results  negative. 

Case  II. — Mrs.  A.  One  hour  after  the  administration  of  15  gr.  of  drug,  90  mils  of  milk 
were  taken.     Results  negative. 

Case  in. — Mrs.  S.  One  hour  after  the  administration  of  twenty  gr.  of  drug  60  mils 
ni  milk  were  obtained.     Results  negative. 

Case  IV. — Mrs.  E.  Two  hours  after  administration  of  10  gr.  of  chloretone,  60  mils 
of  milk  were  taken.     Results  negative. 

Case  V. — Airs.  McM.  Two  hours  after  administration  of  15  gr.  of  drug,  75  mils  of 
milk  were  obtained.     Negative  results. 

Case  VI.- — -Mrs.  H.  Two  hours  after  adm.inistration  of  20  gr.  of  drug,  50  mils  of 
milk  were  taken.     Negative  results. 

Case  VII.^ — Mrs.  B.  Ten  gr.  of  chloretone  administered  and  60  mils  of  milk  taken 
three  hours  later.  Results  negative.  Four  hours  from  time  of  administration  of  drug,  30 
mils  were  obtained.     Negative  results.     Five  hours  later  40  mils.     Negative  results. 

Case  VIII. — Mrs.  C.  Twenty  gr.  chloretone  administered  and  samples  averaging  40 
mils  taken  at  the  end  of  every  hour  until  five  were  obtained.     Results  proved  negative. 

Case  IX. — Mrs.  D.  Ten  gr.  of  chloretone  administered  and  one  hour  later  70  mils  of 
milk  obtained.  Two  hours  from  time  of  first  administration  10  gr.  more  were  given  and  one 
hour  later  50  mils  milk  obtained.  Two  hours  from  time  of  second  administration  10  gr. 
more  were  administered.  One  hour  later  45  mils  milk  obtained.  Two  hours  from  third  ad- 
ministration 10  gr.  more  were  administered  and  40  mils  milk  obtained.  A  total  of  40  gr. 
chloretone  had  been  administered  in  a  space  of  eight  hours.     No  positive  test  obtained. 

Case  X. — Mrs.  De  T.     Exact  duplicate  of  Case  IX.     Negative  results. 

Case  XI. — Mrs.  R.  Fifteen  gr.  chloretone  administered  and  one  hour  later  65  mils 
of  milk  removed.  Two  hours  from  time  of  first  administration  15  gr.  more  were  adminis- 
tered and  one  hour  later  50  mils  milk  obtained.  Two  hours  later  15  gr.  more  drug  given  and 
one  hour  later  40  mils  milk  obtained.  A  total  of  45  gr.  of  drug  given  in  a  space  of  six 
hours  all  produced  negative  results. 

The  above  mothers  were  normal  women  in  every  respect  and  were  nursing 
their  own  infants  throughout  the  period  of  experimentation.  No  effect  on  the 
infants  was  discernible;  however,  this  would  be  very  difficult  as  a  normal  infant 
sleeps  the  greater  part  of  the  day. 

The  following  experiments  were  then  performed  on  lactating  dogs. 

Case  a. — Lactating  dog  weighing  10.5  kilos  was  obtained  seven  weeks  after  parturi- 
tion. The  young  were  taken  away  at  beginning  of  experiment.  Dog  normal  in  every 
respect  except  very  thin. 

Three  grams  of  chloretone  were  dissolved  in  3  mils  of  95  per  cent  alcohol  and  poured 
into  60  mils  of  tepid  water. 

This  suspension  was  administered  per  mouth  to  dog  fifteen  minutes  after  complete  re- 
moval of  milk  by  young.  Dog  immediately  passed  into  profound  sleep  and  remained  in  such 
condition  for  four  days.     At  no  time  before  recovery  or  after  could  any  milk  be  obtained. 

These  results  pointed  to  the  necessity  of  a  change  in  method  of  administration  of  drug. 

Case  B. — Lactating  dog,  10.5  kilos  in  weight,  five  weeks  after  parturition  was  taken 
from  her  young  and  milk  completely  removed  by  mechanical  suction   15  miiuites  before  ad- 
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niiiiistratii)ii  of  chlorcfoiu'.  Tlio  drii^j;  0.5  Km.  was  diss(jlvcd  in  the  least  possible  amount 
of  alcohol  and  intimately  mixed  with  a  portion  of  cho|)pefl  meat.  Seven  hours  later  15 
mils  of  milk  were  removed  and  .8  y,m.  of  the  drn^  were  administered  in  precisely  the  same 
manner  as  before. 

This  portion  of  milk  to  be  known  as  Sample  1  gave  negative  results. 

Seventeen  hours  later  85  mils  of  milk  were  taken  and  .8  gm.  of  drug  again  given. 
Sample  2  also  gave  negative  results. 

Twenty-four  hours  later  milk  removed  from  dog  as  completely  as  possible.  Amount 
obtained  65  mils.  Dog  rather  drowsy  at  this  time.  One  gm.  of  drug  administered.  Sample 
3  tested  very  positive.     Estimated  about  2  mg. 

Seven  hours  later  milk  again  taken  from  dog.  Amount  obtained  15  mils.  At  this 
time  only  .6  gm.  of  chloretone  given  as  dog  had  become  very  drowsy. 

Sample  4  gave  positive  test. 

The  following  morning,  seventeen  hours  later  30  mils  of  milk  were  obtained  and  1 
gm.  of  drug  again  administered.     Positive  test  for  Sample  5. 

Seven  hours  later  attempt  was  made  to  obtain  more  milk,  but  only  about  2  mils  were 
obtained.  Administration  of  chloretone  omitted  this  time.  Stimulation,  only,  kept  dog 
awake.     Except  for  great  sleepiness  dog  is  normal. 

The  following"  morning  milk  was  again  removed.  Seven  mils  were  obtained.  Chlore- 
tone 1  gm.  again  administered. 

Sample  5.  while  positive,  but  barely  perceptible,  undoubtedly  due  to  small  amount  of 
milk. 

No  drug  was  given  in  afternoon,  neither  was  it  possible  to  obtain  any  milk. 

Seventeen  hours  later  no  milk  could  l)e  obtained.  Necessarily  all  experimentation  came 
to  an  end. 

The  question  here  arises  as  to  the  effect  of  chloretone  as  an  antigalactagogue. 
The  resuhs  of  the  experiments  on  dogs  point  to  such  an  effect,  and  this  is  in 
accordance  with  other  findings  in  regard  to  chloretone  as  an  inhibitor  of  the 
formation  of  bodily  fluids.  X"o  such  effect,  however,  was  noticed  in  the  case 
of  human  subjects.  This  undoubtedly  is  due  to  the  small  amount  of  the  drug 
used,  as  weight  for  weight,  the  dog  received  in  tofo,  twelve  times  as  much  chlore- 
tone as  any  human  subject. 

COXCLUSIOXS 

Chloretone  is  found  in  the  milk  only  upon  continuous  administration  of  very 
large  doses. 

Upon  the  administration  of  5  to  20  gr.,  the  usual  therapeutic  dose,  no  trace 
is  found  even  though  administered  several  times  in  succession. 
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EDITORIALS 


The  Michigan  State  Board  of  Health 

MASSACHUSETTS  was  the  first  state  in  the  Union  to  organize  a  State 
Board  of  Health.  This  was  done  in  1870  and  the  same  year  the  State 
Medical  Society  of  Michigan  advocated  the  formation  of  a  board  in  this  state 
and  a  bill  providing  for  such  a  board  was  introduced  into  the  legislature  of  1871. 
However,  it  failed  to  pass  in  that  year,  but  was  presented  again  at  the  next  legis- 
lature in  1873  and  passed.  The  legislature  provided  for  a  board  of  six  men, 
eminent  and  interested  in  sanitary  science,  to  be  appointed  by  the  Governor.  The 
board  was  authorized  to  employ  a  secretary  and  determine  his  salary  and  the 
length  of  the  service.  In  July,  1873,  the  board  was  organized  and  began  to  func- 
tion. The  secretary  chosen  was  Dr.  Henry  B.  Baker,  who  had  had  three  years  of 
service  in  the  Civil  War  and  appreciated  the  importance  of  the  work  whicli  the 
board  was  to  undertake.  The  first  [fresidcnt  of  the  board  was  Professor  jvobert 
Kedzie  of  the  Michigan  Agricultural  College. 

At  that  time  the  almost  uni\ersal  n"ie:ln)d  of  illumination  in  homes,  in  hotels, 
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ill  facloric's,  in  all  luii  tlu'  lari,'(.'r  cities,  in  all  \illa;^c>  aii*!  criuntry  places,  was  the 
kcToscnc  lani]).  'riic  tallow  dip  had  i)asscfl  away,  and  the  f,'eneral  use  of  illumi- 
natiiij,'  gas  had  not  come  in.  The  electric  light  was  awaiting  the  developing  genius 
of  Edison,  \\h(/  ahout  thai  time  was  a  newshoy  on  the  train  hetween  Detroit  and 
f*ort  Ihiiiin.  Iv.cii  in  the  liomes  of  the  wealthy  where  gas  was  in  use,  in  kitchen 
or  garret  the  nn>al'e  oil  lamp  was  >^till  to  he  found.  The  daily  newspapers  carried 
almost  con>tanlly  the  headline  "Another  Kerosene  Horror,"  with  sickening  de- 
tails of  sduie  i»oor  woman,  possihly  with  her  chiUhxn,  roasted  like  a  martyr  at  the 
stake,  set  on  lire  li\  a  lamp  explf)sion.  Cheap  and  inflammahlc  benzine  was  sold 
as  an  illuminant  under  catch  names  such  as  "sunlight  oil,"  "French  burning  oil," 
etc.,  with  preposterous  recipes  to  make  the  material  nonexplosive.  Packages 
of  common  salt  colored  with  aniline  were  sold  and  guaranteed  to  "kill  the  gas." 
This  special  source  of  danger  confronted  the  Michigan  State  EJoard  of  Health 
at  the  threshold  of  its  duties.  The  oil  was  improperly  refined,  too  much  of  the 
\olatile  matter  retained  in  the  kerosene,  and  no  certain  method  of  inspection 
was  in  use.  the  testing  of  the  oil  being  too  largely  left  to  the  seller.  The  result  of 
the  in\estigations  of  the  board  led  to  the  adoption  of  the  "Michigan  oil  tester," 
with  closed  cup  inspection  and  the  flashing  point  as  line  of  danger.  These  were- 
made  the  legal  methods  of  testing  and  a  state  oil  inspector  was  appointed  to 
ha\e  charge  of  this  business.  After  this  provision,  the  people  of  the  state  found 
a  safe  light.  The  hght,  however,  between  the  venders  of  oil  and  the  people  went 
on  for  nearly  twenty  years.  It  was  fought  with  great  bitterness  and  frequent 
changes  in  the  law  were  adopted  by  the  legislature. 

(3n  account  of  the  large  lakes  which  mark  its  boundaries  and  the  many 
beautiful  inland  waters.  Michigan  had  even  at  that  time  come  to  be  known  far 
and  wide  as  a  desirable  summer  resort.  The  inviting  cool  waters  tempted  the 
old  and  the  young,  and  cases  of  drowning  were  common.  Drs.  Kedzie  and 
Baker,  after  months  of  experimentad  investigation,  developed  a  scientific  method 
of  resuscitating  the  apparently  drowned.  This  method,  long  known  as  the 
"Alichigan  meth<ul."  illustrated  on  posters  was  to  be  found  at  bathing  places 
on  the  shores  of  all  our  lakes,  both  great  and  small.  A  few  years  ago  a  dis- 
tinguished English  professor  of  physiologv'  demonstrated  in  one  of  the  univer- 
sitv  buildings  at  Ann  Arbor  what  he  called  a  new  and  scientific  method  of  treat- 
ing the  apparentlv  drcjwned.  After  his  lecture  and  demonstration,  he  was  shown 
the  description  and  cuts  adopted  by  ^lichigan  nearly  forty  years  before.  He 
read  the  description  carefull\,  scrutinized  the  illustrations,  and  freely  affirmed 
that  in  no  marked  particular  was  his  method  an  improvement  upon  the  Michigan 
method.  The  posters  and  leaflets  with  illustrations  of  this  method  can  be  found  in 
the  annual  report  of  the  Michigan  State  Board  of  Health  of  the  year  1874.  Thou- 
sands of  these  leaflets  have  been  distributed  over  the  state,  they  have  been  sev- 
eral times  revised,  and  the  latest  edition  which  deals  with  the  treatment  of  the 
electricallv  shocked  as  well  as  the  drowned,  may  be  found  in  the  report  for 
\S97. 

It  is  interesting  to  note  that  as  early  as  1878  Dr.  Henry  Lyster.  of  Detroit, 
and  the  Honorable  Leroy  Parker,  then  of  Pontiac.  now  living  in  Washington,, 
D.  C,  offered  a  plan  for  the  examination  of  candidates  in  sanitary  science.  The 
board  had  in  mind  the  improvement  of  the  health  service  of  the  state,  thinking: 
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that  calling  attention  to  the  fact  that  the  board  would  examine  candidates  would 
tend  to  have  local  boards  of  health  appoint  health  officers  who  had  thus  dem- 
onstrated their  suitability.  Again  the  State  Board  of  Health  of  Michigan  was 
ahead  of  the  movement  now  evidenced  in  our  universities  l)y  the  creation  of 
courses  leading  to  the  degree,  of  Doctor  of  Public  Health  l)y  more  than  forty 
years.  It  was  the  intention  of  the  board  that  only  such  persons  as  had  passed 
this  examination  would  be  eligible  to  the  position  of  health  officer.  The  first  ex- 
amination was  conducted  by  the  board,  July  14,  1880,  and  there  were  two  suc- 
cessful candidates.  The  reason  this  procedure  was  so  short-lived  was  that  of  the 
lack  of  applicants  and  the  failure  of  the  public  to  appreciate  the  value  of  the  ex- 
pert. Even  up  to  today,  any  village  doctor  who  has  practiced  medicine  for  five 
years  without  demonstrating  any  knowledge  of  the  prevention  of  disease  is  eli- 
gible to  the  highest  office  in  sanitation  within  the  gift  of  the  state. 

In  the  seventies  it  was  common  to  find  the  walls  of  the  houses,  even  of  our 
most  prominent  and  prosperous  citizens,  covered  with  highly  colored  wall  paper. 
Dr.  Kedzie  studied  this  paper  and  found  that  it  was  loaded  with  arsenical  colors. 
He  prepared  a  report  in  a  separate  volume  with  samples  of  the  poisonous  wall 
papers  and  distributed  it  in  November,  - 1874.  The  title  of  this  volume  was 
"Shadows  from  the  Walls  of  Death."  The  book  contained  a  hundred  or  more 
actual  samples  of  wall  paper  which  had  been  tested  and  proved  to  contain  ar- 
senic. This  raised  a  great  cry  from  the  manufacturers  of  these  papers  and  the 
matter  finally  reached  hearings  before  a  committee  of  Congress.  However, 
the  people  were  in  the  end  victorious  and  no  arsenical  wall  papers  have  been 
found  on  the  market  for  many  years.  Slow  arsenical  poisoning  resulted  from  the 
use  of  this  paper.  The  paste  by  which  the  paper  was  attached  to  the  walls  con- 
tained microorganisms  which,  finding  abundant  nourishment  in  the  paste,  grew, 
multiplied,  formed  hydrogen  gas,  which  combined  with  the  arsenic  in  the  paper 
and  was  difl:"used  through  the  room  in  the  most  deadly  form  of  arsenic  known  to 
science.  It  may  be  interesting  to  note  that  in  the  world's  great  war  the  Ger- 
mans attempted  to  use  this  gas  in  their  barbarous  methods  of  combat  with  the 
allies. 

Up  to  the  time  of  the  creation  of  the  board,  little  or  no  attention  was  paid  to 
the  construction,  warming,  and  ventilation  of  schoolhouses.  In  its  first  report 
(1873),  a  paper  on  this  subject  was  presented  by  Dr.  Kedzie.  This  led  finally 
to  the  passage  of  the  law  compelling  the  submission  to  the  board  of  health  of 
the  plans  for  heating  and  ventilating  of  state  buildings. 

Meteorologic  observations  were  first  begun  in  Michigan  in  1834,  but  the 
observations  were  irregular,  sporadic,  and  inefficient.  In  1864,  Dr.  Kedzie  at 
the  Agricultural  College  began  the  systematic  study  of  meteorologic  conditions. 
The  State  Board  of  Health  took  this  up  and  from  1870  until  the  establishment 
of  the  Meteorologic  Service  by  the  United  States  government  this  work  was  con- 
tinued in  Michigan.  It  will  be  seen  from  this  that  the  study  of  meteorologic 
conditions  was  begun  on  a  systematic  plan  by  the  State  Board  of  Health  and 
was  probably  the  first  continued  effort  ever  made  to  forecast  the  weather. 

In  the  seventies  of  the  last  century  there  were  no  trustworthy  vital  statistics. 
We  had  no  official  and  satisfactory  figures  showing  either  the  birth  or  the  death 
rate.     Both  were  matters  of  guess.     Michigan  rapidly  developed  its  mortality 
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stalistics  and  is  now  known  as  one  of  the  group  of  "original  registration"  states 
upon  which  tlie  United  Slates  t^fovcrnment  rehes  for  its  vital  statistics. 

There  is  even  now  in  no  iil\,  in  no  state,  any  reliable  set  of  statistics  con- 
cerning the  prevalence  of  sickness, — what  is  known  as  "morbidity  statistics." 
At  the  meetin.i^  of  the  Michigan  Hoard  in  July,  1876,  Secretary  Baker  presented 
a  method  for  compiling  such  statistics  and  was  authorized  to  proceed  with  it. 
These  statistics  were  collected  as  long  as  he  remained  secretary  of  the  board,  but 
later  fell  into  desuetude.  In  each  of  the  annual  re[)orts  since  1876  up  to  the 
time  Secretary  Baker  was  dismissed  from  service  there  will  be  found  a  compila- 
tion of  these  statistics.  Ily  means  of  these  figures  Dr.  P>aker  established  curves 
which  showed  grai)hically  that  sickness  from  pneumonia  is  quantitatively  re- 
lated to  atmospheric  temperature;  in  other  words,  the  colder  the  atmosphere,  the 
more  sickness  from  pneumonia. 

The  Michigan  Legislature  wisely  left  the  question  of  what  are  the  "dan- 
gerous communicable  diseases"  to  the  State  Board  of  Health.  It  may  be  of  in- 
terest to  note  the  years  in  which  various  diseases  were  placed  on  this  list.  Mea- 
sles, whooping  cough,  scarlet  fever,  typhoid  fever,  smallpox  and  cholera  were 
listed  in  1873;  diphtheria  in  1875;  puerperal  fever  and  erysipelas  in  1878;  typhus 
fever  in  1879;  German  measles  in  1886;  croup  and  so-called  typho-malarial  fe- 
ver in  1889;  tuberculosis  in  1893;  yellow^  fever,  glanders,  rabies,  tetanus,  pneu- 
monia, influenza  and  cerebrospinal  meningitis  in  1895.  Venereal  diseases  did 
not  go  on  the  list  until  1917. 

The  stringent  law  making  it  obligatory  upon  every  and  each  householder, 
hotel  keeper,  keeper  of  a  boarding  house,  or  tenant  and  physician,  to  immediately 
give  notice  to  the  health  offtcer  of  any  communicable  disease  within  their  knowl- 
edge was  passed  in  1883.  From  the  time  of  its  organization,  the  board  began  to 
discuss -methods  of  reaching  the  masses  in  giving  information  concerning  the 
restriction  of  disease  and  the  preservation  of  health.  At  the  meeting  of  the 
board  on  April  9,  1878,  President  Kedzie  recommended  that  sanitary  conven- 
tions or  meetings  in  various  parts  of  the  state  be  held  to  discuss  subjects  relating 
to  sanitation.  The  first  convention  of  this  kind  was  held  in  Detroit,  Januarv-  7 
and  8,  1880.  From  that  time,  so  long  as  Secretary  Baker  retained  his  position, 
such  conventions  were  held  at  least  twice  a  year  in  various  parts  of  the  state, 
and  the  low^  death  rate  and  the  prolonged  life  of  which  the  state  is  now  justly 
proud  were  largely  due  to  this  method  of  diffusing  knowledge  through  the  masses 
of  the  people. 

Writing  about  these  sanitary  conventions  in  1898,  Dr.  Lee  of  the  Pennsyl- 
vania State  Board  of  Health  gives  a  laughable  discussion  of  his  first  attempt  to 
follow  the  Michigan  plan.  He  called  a  sanitary  convention  in  the  city  of  Phil- 
adelphia, prepared  a  splendid  program,  and  invited  distinguished  sanitarians 
from  all  over  the  United  States  to  participate.  \\'hen  the  day  came,  he  and  his 
invited  guests  occupied  the  stage,  but  the  seats  in  front  of  them  were  empty. 
Dr.  Lee  says : 

"To  reduce  the  statement  to  a  mathematical  proposition,  I  would  say  the 
size  of  the  audience  at  a  state  sanitary  con\ention  will  lie  inversely  as  the  square 
of  the  population  of  the  place  in  which  it  is  held." 

This  the  Michigan  State  Board  of  Health  found  to  be  true  in  a  general  wav. 
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In  small  places,  the  whole  [)o|>ulati(in  turned  out,  while  in  the  larger  cities  the 
attendance  was  small. 

One  of  the  early  good  works  done  hy  the  Michij^Mn  State  Doard  of  Health 
was  the  investigation  of  those  diseases  in  animals  which  are  dangerous  to  man. 
Although  the  laws  of  Michigan  as  early  as  1869  empowered  the  governor  to 
appoint  three  commissioners,  the  law  was  inactive  until  the  State  Board  of 
Health  took  u\)  the  matter.  In  the  tirst  law  there  was  no  a])[)ropriation  with 
which  the  work  could  be  done.  In  1885,  a  law  was  passed  authorizing  the  Gov- 
ernor to  appoint  three  commissioners  and  a  state  veterinarian.  In  this  way 
came  into  existence  our  highly  efficient  State  Live  Stock  Sanitary  Commission. 

Michigan  has  the  en\iable  reputation  of  ha\ing  the  lowest  death  rate  among 
the  states  which  have  been  in  the  registration  area  since  1900.  This  is  largely 
due  to  the  work  of  the  ^Michigan  State  Board  of  Health.  In  the  seventies,  be- 
fore Koch  had  discovered  the  specific  cause  of  this  disease,  the  State  Board  of 
Health  liegan  to  teach  the  people  of  the  state  that  tuberculosis  is  a  transmissible 
and  therefore  a  preventable  disease.  As  has  already  been  stated,  tuberculosis  was 
placed  on  the  reportable  list  in  1893.  In  1894,  and  at  each  successive  legislature 
thereafter  until  it  was  finally  accomplished,  the  Michigan  State  Board  of  Health 
urged  the  legislature  to  build  a  state  tuberculosis  sanatorium.  Finally  this  was 
accomplished,  and  we  have  today  not  only  a  state  sanatorium  but  all  of  our  larger 
cities  have  their  sanatoria  and  at  least  eight  counties  have  provided  such  institu- 
tions. 

It  became  evident  to  the  board  that  while  it  was  reaching  the  adults  in  the 
state,  something  must  be  done  to  reach  the  children.  This  led  to  a  most  benefi- 
cent law,  passed  by  the  legislature  of  1895,  and  modified  by  that  of  1897,  which 
requires  that  there  shall  be  taught  in  every  public  school  in  Michigan  the  modes 
by  which  the  dangerous  communicable  diseases  are  spread  and  the  best  methods 
for  their  restriction  and  prevention.  In  order  to  make  it  possible  to  comply  with 
this  statutory  requirement,  the  board  issued  and  distributed  a  leaflet  which  in  a 
short  and  concise  manner  states  how  the  dangerous  diseases  are  spread  and  how 
they  may  be  restricted  and  prevented.  The  teachers  in  the  public  schools  were 
slow  to  take  up  this  duty.  Most  of  them  were  incompetent,  many  were  indif- 
ferent, and  a  few  were  positively  hostile  to  the  movement.  Even  now,  however, 
it  is  coming  to  pass  that  ever}^  intelligent  educated  man  and  woman  and  child 
over  ten  years  of  age  knows  what  diseases  are  transmissible  and  what  procedures 
are  necessary  to  prevent  their  spread.  AMien  asked  by  a  Massachusetts  man 
why  tuberculosis  is  much  less  prevalent  in  Michigan  than  in  his  state,  the  Michi- 
gan man  replies,  "On  account  of  the  greater  sanitary  knowledge  and  intelli- 
gence of  the  people  of  the  state  of  Michigan." 

Some  of  the  wise  recommendations  of  the  board  have  not  yet  been  adopted. 
Among  these  we  may  mention  the  recommendation  made  in  1877  that  the  office 
of  coroner  be  abolished  and  that  experts  be  selected  to  make  the  physical  ex- 
aminations in  cases  of  persons  found  dead  or  suddenly  dying. 

The  board  has  constantly  given  intelligent  attention  to  the  question  of  water 
supply  and  systems  of  sewerage.  It  long  recognized  the  fact  that  much  mone\- 
is  foolishly  sjient,  especially  by  small  cities  and  villages,  in  providing  these  utili- 
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ties.  Kcccntly  the  hoard  has  Ijccn  j^iven  Icj^islativc  authority  to  pass  upon  the 
water  supphcs  and  scwafje  disposal  of  vari(nis  iiniiiiciijalitics  in  the  state. 

Ill  ihr  tiijhlies,  the  chce-e  industry  and  other  milk  industries  in  the  state 
were  thieatened  with  ^eriou-  loss  on  account  of  the  numerous  cases  of  poisoning 
with  cheest',  ice  cri'am,  and  other  milk  products.  .All  kinrls  of  theories  were 
f)ftered  to  explain  these  accidents.  In  1XS4  the  hoard  tof)k  up  this  matter  and 
showt'd  that  the  jioisons  formed  in  milk  products  were  due  to  bacterial  con- 
tamination. .\o\\  cases  of  i)oisoning  of  this  kind  are  so  rare  that  some  people 
deny  that  they  e\er  occurred.  These  researches  begun  by  the  board  in  1884,  led 
to  the  suspicion  that  milk  and  milk  products  were  accountable  for  the  high  in- 
fantile mortality.  .\t  that  time,  about  26  per  cent  of  the  children  born  in  the 
state  died  before  they  reached  one  year  of  age.  This  was  true  not  only  in 
Michigan  but  all  over  the  civilized  world.  The  cause  for  this  high  infantile 
mortality  was  attributed  by  some  to  the  nature  of  the  soil  on  which  the  house 
was  built,  by  some  to  the  prevailing  wind,  while  others  attributed  the  high  death 
rate  to  spots  on  the  sun.  It  was  finally  shown  that  the  high  infantile  mortality 
was  due  to  poisonous  milk,  and  the  death  rate  has  been  reduced  more  than  half. 

In  1884,  the  board  of  health  with  the  backing  of  the  Michigan  Business 
Men's  Association  asked  the  University  of  Michigan  to  build,  equip,  and  man  a 
state  laboratory  of  hygiene.  This  v.-as  not  accomplished  or  at  least  the  building 
was  not  in  readiness  and  in  operation  until  1888.  Even  with  this  delay,  this  was 
the  second  laboratory  devoted  to  hygiene  and  sanitation  established  in  the  world, 
the  first  being  that  of  the  University  of  Munich  which  began  operation  in  1884. 
In  this  laboratory  suspected  food  and  drink  were  examined  for  health  ot^cers 
and  for  private  citizens.  Some  things  happened  about  that  time  which  doubtless 
have  been  forgotten  or  were  never  known  to  the  majority  now  living.  The 
superintendent  of  a  water  company  in  a  city  in  the  northern  peninsula  sent  a 
sample  of  water  to  the  laboratory  for  examination.  It  was  reported  as  unsafe, 
and  the  superintendent  being  financially  interested,  made  no  report  to  the  people 
of  this  condition.  They  continued  to  use  the  water  for  about  three  weeks,  dur- 
ing which  time  many  hundred  cases  of  typhoid  fever  developed  in  the  place. 
Then  the  health  officer  sent  a  sample  of  water  to  the  laboratory.  He  was  sur- 
prised to  receive  a  telegram  that  the  water  had  been  condemned  three  weeks 
previously.  The  people  of  the  village  went  after  the  superintendent  of  the  water 
works  with  a  rope.  Just  what  happened  no  one  ever  knew,  but  the  superintendent 
has  never  been  seen  in  that  village  since. 

It  is  impossible  to  give  any  figures  showing  the  number  of  lives  that  have 
been  saved,  or  the  financial  saving  that  has  resulted  to  the  state  from  the  labors 
of  the  Michigan  State  Board  of  Health.  Whatever  credit  is  due  this  board  dur- 
ing the  first  thirty  or  more  years  of  its  existence  is  largely  due  to  a  man  now 
living  in  comparative  obscurity.  Dr.  Henry  B.  Baker,  its  efficient  secretary  dur- 
ing those  years.  So  long  as  the  board  had  the  appointment  of  its  own  secretary, 
the  only  salaried  officer  on  the  board,  politics  did  not  touch  it.  But  the  time 
came  when  politicians  became  hungry  for  this  salaried  position.  The  legislature 
was  induced  to  take  the  appointment  of  the  secretary  away  from  the  board  and 
place  it  in  the  hands  of  the  governor.  From  that  time  on.  and  so  long  as  it  con- 
tinues, politics  has  and  will  continue  to  seriously  interfere  with  the  work  of  the 
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board.  And  now  there  is  a  bill  before  the  legislature  abolishing  the  Michigan 
State  Board  of  Health,  making  the  secretary  the  sole  executive  officer,  and  i)ut- 
ting  everything  in  his  hands.  It  should  not  be  understood  that  there  has  been  no 
efficient  secretary  since  this  change  was  made,  but  with  every  incoming  gover- 
nor the  secretary  must  be  changed  and  scientific  carefully  planned  work  can  not 
be  done.  The  bill  now  before  the  legislature  provides  that  in  place  of  the  State 
Board  of  Health  there  shall  be  an  Advisory  Council  of  Health,  but  this  council 
has  no  control  over  the  secretary.  If  we  are  go-'-.j  to  make  the  Michigan  State 
Board  of  Health  a  political  football,  let  us  so  declare  publicly  and  have  a  health 
commissioner  appointed  by  the  governor,  responsible  only  to  the  governor,  and 
liable  to  replacement  with  every  change  in  the  gubernatorial  office.  There  is 
no  need  of  camouflage.  Either  the  secretary  should  be  the  whole  thing,  or  he 
should  act  under  the  direction  of  the  board.  An  advisory  council  is  camouflage ; 
nothing  more,  nothing  less.  Crippled  as  it  has  been  by  having  no  control  over 
its  executive  officer,  the  board  has  done,  and  is  still  doing,  some  most  valuable 
work.  The  tuberculosis  survey  of  the  state,  carried  out  in  the  years  1915  and 
1916,  was  without  doubt  the  best  piece  of  work  ever  done  in  any  state  in  this 
country  or  in  any  country  in  our  fight  against  tuberculosis.  The  work  which  is 
now  being  done  in  combating  the  venereal  diseases  is  important,  and  should  be 
continued.  A  bill  has  been  written,  permitting  the  commissioner  of  health  not 
only  to  be  the  sole  administrator  of  health  matters,  but  to  appoint  a  health  officer 
in  every  county  in  the  state.  This  is  so  plainly  political  that  it  has  probably  died 
a  natural  death. 

There  is  complaint  made  that  so  few  young  men  are  now  willing  to  under- 
take public  health  work.  The  history  of  the  Michigan  State  Board  of  Health, 
and  especiall)  that  of  its  long-time  and  most  efficient  secretary,  is  not  likely  to 
induce  bright  and  competent  young  men  to  undertake  such  work.  As  has  been 
stated,  the  man  who  did  so  much  for  the  public  health  of  Michigan,  who  had  la- 
bored so  long  in  this  field  that  he  was  quite  unprepared  to  do  anything  else,  like 
the  faithful  old  horse,  is  turned  out  to  live  as  best  he  may,  and  to  die  uncared  for. 

—V.  C.  V. 


The  Catalytic  Power  of  Blood  and  Solid  Tissues 

THE  remarkable  series  of  papers  by  Burge*  and  his  associates  which  have  ap- 
peared during  the  past  two  years  on  the  relation  of  enzymes,  which  have 
the  power  of  releasing  oxygen  from  hydrogen  peroxide,  to  many  of  the  physio- 
logic functions  of  the  body,  have  awakened  considerable  interest.  These  enzymes, 
which  Kastle  named  "Catalases,"  have  been  found  by  Burge  to  be  intimately 
associated  with  the  oxidative  activity  of  the  body.  In  general  he  has  found  an 
increase  in  the  catalase  content  of  the  blood  and  tissues  of  animals  in  which 
oxidation  is  large  or  has  been  increased,  and  a  decrease  in  the  normal  amount  in 
conditions  where  oxidation  is  decreased.  He  believes  that  variations  in  the  ac- 
tivity of  these  enzymes  explain  one  of  the  physiologic  differences  in  used  and 

*Burge:      Am.   Jour.    Physiol.,   see   volumes   xli    to    xlviii    inclusive. 
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unused  muscle;  llic  (lilTfrciKc  in  tlic  ratio  of  heal  production  in  lar^c  and  small 
animals;  loss  ot'  wci.nht  durinj^^  starvation  and  durinj,'  thyroiri  feeding;  body 
changes  during  emotions  and  during  anesthesia;  shfjck ;  and  the  cause  of  the 
specific  dynamic  action  of  foods. 

The  tumliiin  of  calalase  is  not  known.  A  number  of  theories  have  been  ad- 
vanced ;  one  holds  that  it  destroys  percjxides  which  are  formed  during  the  life 
of  the  cell  and  which  are  harmful  to  the  organism;  another  that  it  prevents  ex- 
cessive oxidation  within  the  cell,  and  still  another  that  it  is  the  substance  which 
releases  oxygen  from  hemoglobin  for  use  by  the  cell.  The  work  of  ikirge  aj;- 
peared  to  indicate  that  catalase  has  an  imi)ortant  role  in  oxidation. 

Recently  P.echtf  has  jaiblished  a  convincing  report  of  work  in  which  he  has 
been  unable  to  reproduce  Burge's  results.  Using  what  he  believes  to  be  accurate 
and  superior  methods  and  making  a  large  number  of  duplicate  analyses  he  has 
found  a  thousand  per  cent  variation  in  the  catalase  content  of  blood  of  dogs  kept 
under  identical  conditions,  and  wide  variations  in  the  blood  of  dififerent  species. 
He  noted  a  decrease  in  the  catalase  content  of  the  blood  following  thyroid  feed- 
ing, which  is  exactly  the  opposite  found  by  Burge;  likewise  an  increase  in  place 
of  Burge's  decrease  in  the  blood  during  anesthesia.  He  believes  that  it  is  impos- 
sible to  accurately  determine  the  catalase  content  of  solid  tissues  by  present 
methods.  If  Becht's  criticism  of  Burge's  work  is  correct,  what  appeared  for  a 
time  to  be  a  master  key  to  a  portion  of  physiology  has  failed  to  open  the  lock. 

— /?.  G.  P. 


The  Selective  Service  Act  and  Its  Lessons 

WHATEVER  may  be  said  about  the  functioning  of  other  branches  of  the 
\\  ar  Department,  it  must  be  admitted  by  all  that  the  Provost  Marshall  Gen- 
eral was  fully  equal  to  the  heavy  task  assigned  to  him.  He  and  his  assistants  de- 
serve every  honor  that  the  government  can  bestow  upon  them.  In  April,  1917, 
when  a  state  of  war  against  Germany  was  proclaimed,  we  had  a  small  regular  army 
and  the  national  guards  of  the  different  states  which  had  recently  been  federal- 
ized. By  June,  1917,  these  organizations  had  been  augmented  by  volunteer  en- 
listment to  a  combined  strength  of  465,985 — altogether  too  small  an  army  to 
put  into  this  great  war.  Indeed  it  was  not  deemed  wise  to  provide  for  an  initial 
army,  under  training  at  least,  of  less  than  one  million.  How  was  such  an  army 
to  be  raised,  quickly  and  with  the  least  disturbance  of  agricultural  and  industrial 
affairs?  During  two  years  of  the  Civil  War  a  half-way  conscription  was  in 
effect,  but  it  authorized  the  paying  of  bounties  and  the  hiring  of  substitutes.  It 
was  resented  quite  generally  throughout  the  northern  states,  and  in  Xew  York 
it  led  to  a  temporary  condition  of  anarchy.  The  practical  result  was  that  it 
contributed  a  forced  service  from  only  46,347,  out  of  a  total  draft  of  776,829. 
The  Selective  Service  Act  of  1917  was  wisely  enacted,  promptly  and  justly 
executed,  and  it  gave  in  the  short  space  of  little  more  than  one  year  an  army  of 
more  than  three  million,  and  had  the  war  continued,  this  number  might  have 
been   doubled   in   another   year.      The   registration,    selection,  .  and   mobilization 


tBecht:      Ibid.,   1919,   xlviii,   171. 
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moved  through  all  phases  witli  as  little  friction  as  could  be  expected  of  a  newly 
invented,  but  scientifically  devised  machine.  The  behavior  of  the  National 
Guard  and  the  National  Army  on  the  battle  fields  of  France  has  demonstrated 
not  onlv  the  patriotism,  but  the  ht^htin,^'  efficiency  of  our  newly  made  and  hastil_\ 
trained  soldiers.  It  is  not  too  much  to  state  that  the  war  was  fought  and  the 
necessary  aid  rendered  our  allies  by  civilian  soldiers,  for  although  seven  divi- 
sions of  so-called  regulars  participated  in  the  fighting,  more  than  two-thirds  of 
these  were  recent  recruits.  These  facts  should  justify  inquiry  as  to  whether  or 
not  we  should  choose  between  a  large  regular  army  in  which  being  a  soldier  is 
a  life  work,  and  universal  military  training,  which  would  do  away  with  the  pro- 
fession of  arms  and  make  us  ready  at  all  times  and  on  short  notice  to  raise  an 
efficient  army  of  sufificient  size  to  cope  with  any  emergency  that  may  arise  in  the 
future.  The  advice  to  disband  the  regular  army  and  burn  West  Point,  said  to 
have  been  given  by  an  officer  returning  from  France,  is  worthy  of  consideration. 

There  were  4,557  local  boards,  an  important  member  of  each  of  which  was 
a  physician.  For  the  most  part,  the  doctors  on  these  boards,  as  well  as  those 
on  the  district  boards,  did  their  duty  in  a  commendable  manner.  It  is  true  that 
there  are  stories  told  of  men  with  glass  eyes  and  cork  legs  being  passed,  but  the 
Provost  Marshal  General  makes  the  following  statement  in  regard  to  these 
reports : 

"Rumors  here  and  there  in  the  public  press  stated  that  the  camp  surgeons 
had  discovered  among  the  men  accepted  by  the  local  boards  some  with  glass  eyes, 
some  with  cork  legs,  and  some  with  other  obvious  disqualifications.  If  such 
men  were  found,  it  is  no  disparagement  for  the  local  board  surgeons :  for  it  is 
safe  to  assert  that  such  grossly  defective  persons  came  from  the  contingent  of 
about  20,000  men  who  had  never  appeared  before  the  local  boards,  but  had  been 
gathered  up  by  the  adjutants-general  and  sent  direct  to  the  camps.  There  is  no 
ground  for  supposing  that  the  local  board  surgeons  were  either  incompetent  or 
careless  to  that  extent.  The  spirit  of  their  practice  was  to  make  all  intendments 
in  favor  of  the  government;  but  nothing  permits  us  to  suppose  that  they  held  or 
did  send  to  camp  any  men  with  cork  legs  or  glass  eyes." 

It  is  not  denied  that  the  doctors  on  both  the  local  and  district  boards  made 
mistakes.  They  m.ade  some,  and  in  the  aggregate  these  grew  into  many.  No- 
where else  did  the  examining  physicians  fall  down  in  practice  more  frequently 
or  more  sadly  than  in  their  failure  to  recognize  tuberculosis.  The  high  death 
rate  in  some  of  the  camps  from  this  disease  during  the  first  few  months  of 
service  makes  this  point  incontrovertible.  Not  only  did  the  doctors  on  the  local 
boards  fail  lamentably  in  this  matter,  but  the  experts  on  the  special  boards  in 
the  camps  stumbled  frequently  and  badly,  and  their  mistakes  were  the  more  un- 
expected and  the  less  excusable.  It  has  long  been  a  matter  of  common  knowl- 
edge that  the  ordinary  practitioner  of  medicine  is  grossly  lacking  in  the  skill 
necessary  to  detect  incipient  tuberculosis,  but  when  the  man  posing  as  an  expert 
in  this  disease  accepts  as  soldiers  men  with  the  disease  so  far  advanced  that 
death  results  in  less  than  six  months,  there  is  something  wrong.  Physicians  as 
a  rule  when  they  become  officers  object  to  being  assigned  to  the  examination  of 
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recruits,  .iiul  (louhtlessly  many  of  them  perforin  this  function  when  assigncfi  to 
lliem  in  a  pei  functory  \\a\',  hut  this  is  a  serious  mistake.  There  is  no  better  o[j- 
pdriunil)-  for  traiiiiuj^^  in  phy-iral  (ha^nosis.  When  a  patient  comes  to  a  doc- 
tor in  ci\il  life,  tlie  patient  usuall\-  parlialK'  at  least,  diaj,'noscs  his  fjw n  ca-e  hy 
callinj,'  attention  to  some  orj^jan  where,  in  his  ojtinion,  his  troui<le  resides.  'Vou 
often  the  doctor  follows  this  lead,  and  ^ivcs  h.is  undivided  attention  to  the  part 
in  (|uestion.  while  the  j^n'osscst  lesions  in  other  parts  of  tlie  hody  may  pass  un- 
detected. 'J'his  is  a  fault  which  the  wise  physician  w  ill  soon  remedy  ;  even  now 
the  more  intelligent  patients  reco<,Miize  it. 

In  the  I'lrst  draft,  the  niunher  of  reijistrants  enrolled  June  5,  1917,  was 
9,586,508.  This  means  that,  with  the  exce])tion  of  the  relatively  few  who  were 
physically  unable  to  repiort  or  who  tried  to  evade  the  draft,  there  were  that 
many  men  of  draft  ajje  in  the  countr}'. 

The  number  of  men  actually  physically  examined  in  the  draft  by  the  boards 
was  2,510,706,  of  which  730,756  (29.11  per  cent)  were  rejected.  Of  those  ac- 
cepted by  the  local  boards  and  sent  to  the  camps,  5.8  per  cent,  taking  all  the 
camps  tog^ether,  were  rejected  by  the  expert  boards.  During  the  Civil  \\'ar,  the 
percentage  of  rejections  averaged  about  26  per  cent.  The  Provost  Marshal 
makes  the  following  statement  on  this  point : 

"In  view  of  the  great  advance  since  that  date  in  standards  of  medical  diag- 
nosis and  physical  perfection,  the  foregoing  figures  indicate  a  decided  improve- 
ment in  national  physical  condition  during  the  past  two  generations." 

So  far  as  the  study  has  been  made,  there  is  practically  a  tie  in  the  percentage 
of  rejections  as  between  urbans  and  rurals.  Attempts  to  deceive  the  medical 
examiners  were  made  only  to  a  slight  and  negligible  extent.     The  report  states : 

"Here  and  there  a  local  board  reports  a  locality  as  showing  50  per  cent  of 
attempted  falsifications,  but  these  instances  were  sporadic  and  represent  some 
local  obliquity  of  morals." 

In  the  report  it  appears  that  venereal  diseases  were  accountal)le  for  only 
4.27  per  cent  of  the  rejections,  but  this  does  not  correctly  indicate  the  prevalence 
of  these  diseases  among  the  men  because  unless  the  man  was  rendered  quite  un- 
fit or  was  a  positive  danger  to  others,  these  diseases  fortunately  did  not  warrant 
rejection.  Had  this  been  the  case,  the  percentage  of  rejections  from  this  cause 
would  have  been  much  higher.  Statistics  show  that  venereal  disease  is  much 
more  prevalent  among  civilians  than  among  soldiers.  It  has  been  positively 
demonstrated  that  instead  of  civilian  communities  needing  protection  against 
soldiers  so  far  as  venereal  diseases  are  concerned,  the  soldier  needs  protection 
from  cixilian  communities.  In  the  record  as  it  stands,  it  appears  that  defects 
of  the  eye  and  of  the  teeth  v  ere  mo,-t  numerous.  It  is  gratifying  to  note  that 
alcoholism  and  the  drug  habit  were  infrequent.  Mental  deficiency  and  nervous 
disorders  show  up  rather  alarmingly. 

The  ratio  of  physically  qualified  to  physically  examined  was  less  than  60 
per  cent  in  Alaine,  Rhode  Island,  Vermont  and  Pennsylvania ;  from  60  to  65 
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per  cent  in  New  Hampshire,  West  Virginia,  and  Massachusetts;  from  65  to 
70  per  cent  in  New  York,  Kentucky,  New  Jersey,  Louisiana,  and  Nevada;  from 
70  to  75  per  cent  in  Maryland,  Virginia,  North  Carolina,  South  Carolina,  Geor- 
gia, Florida,  Mississippi,  Arkansas,  Tennessee,  Missouri,  Illinois,  Indiana, 
Ohio,  Michigan,  Wisconsin,  C9lorado,  New  Mexico,  California,  Oregon,  Wash- 
ington ;  from  75  to  80  per  cent  in  Alabama,  North  Dakota,  Nebraska,  Kansas, 
Oklahoma.  Texas,  Arizona,  Utah,  Wyoming,  Idaho  and  Montana;  80  per  cent 
and  over,  in  South  Dakota.  It  is  doubtful  how  much  stress  can  be  placed  on 
these  figures.  As  they  stand,  they  indicate  a  physical  inferiority  in  New  Eng- 
land and  Pennsylvania,  even  when  compared  with  the  Black  Belt  of  the  South, 
and  this  is  more  striking  when  the  comparison  is  made  with  the  plain  and 
mountain  states  of  the  West.     The  Provost  Marshal  General  says : 

"The  causes  for  rejection  when  ascertained  will  be  of  great  sociological  and 
medical  value,  but  in  the  present  emergency  the  time  and  labor  to  examine  in  de- 
tail two  and  one-half  million  records  can  not  be  spared." 

Of  the  3,082,949  called  by  the  local  boards,  252,294  (8.18  per  cent)  failed  to 
appear  for  examination.  Of  these  at  least  three  classes  were  not  "slackers" : 
(1)  Many  enlisted  after  registration  but  failed  to  notify  their  local  boards  of 
their  enlistment;  (2)  some  died;  (3)  many  were  transferred  to  other  boards 
but  were  not  so  reported.  The  numbers  estimated  as  belonging  to  these  classes 
are  (1)  85,000;  (2)  750;  (3)  1500.  This  leaves  about  150,000  to  be  accounted 
for.  It  is  believed  that  100,000  of  these  were  aliens.  Many,  especially  those 
living  along  the  Canadian  border,  passed  over  the  line,  preferring  to  serve  with 
their  native  armies.  Other  aliens  were  so  ignorant  that  they  did  not  understand. 
The  real  "slackers"  are  estimated  at  about  50,000,  an  average  of  about  10  for 
each  local  board. 

The  question  is  asked  whether  the  physical  requirements  as  set  forth  by  the 
Surgeon  General  were  too  strict  or  not.    The  Provost  Marshal  General  remarks : 

"On  this  point  the  civilian  surgeons  have  expressed  varied  opinions.  A 
large  majority  say  that  the  physical  requirements  are  not  too  exacting,  but  a  con- 
siderable number  deem  the  physical  requirements  too  strict  in  many  respects, 
notably  as  to  the  weight  and  height  relation,  teeth,  eyes  and  feet,  and  contend 
that  the  regulations  as  strictly  applied  tend  to  exclude  many  capable  and  efficient 
men. 

"For  example,  one  board  cited  a  case  of  exclusion  for  flat-foot  of  a  man 
who  had  for  many  consecutive  seasons  endured  the  hardships  of  a  guide  voca- 
tion in  the  Canadian  forests,  and  the  prevalence  of  flat-foot  among  the  sturdy 
negroes  in  the  South  was  frequently  commented  upon." 

As  to  flat-foot  as  a  disqualifying  condition,  even  orthopedists  are  divided. 
But  that,  on  the  whole,  the  requirements  were  not  too  strict — indeed  were  not 
strict  enough — is  shown  by  the  large  numbers  that  subsequently  had  to  be  trans- 
ferred to  development  battalions.  Defects  in  teeth,  eyes,  and  in  many  other 
particulars  should  have  been  remedied  in  civil  life  when  these  boys  were  in 
school.  The  nation  that  is  not  interested  in  the  physical  education  of  its  children 
is  not  prepared  for  full  and  satisfactory  achievement  in  either  peace  or  war. 
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It  will  lie  lit    intcic-t   In  ini|uirf  l»rii'll\'  into  the  clainis   for  exemption.     On 

lliis  poiiit  ilir  I'l'oMoi   M.ii-lial  ("iciicrai  ^latc^  : 

'•()f  tlic  loial  luiiiihcT  call.il  ( .\()Xi,'M'i )  1,560,570  (50.62  jkt  cent;  made 
claims  for  r\riii|);ioii.  <  )f  the  claim.s  made  1,215,049,  or  39  ])er  cent  of  the 
per.^ons  calKd,  or  77.>'<i  per  cent  of  the  claims  made,  were  j^ranted.  Of  1,419,678 
claims  inaMe  to  local  lioar(l>.  l,i'jl,20fi  were  }:jranted  ;  that  is  XI. 79  per  cent  of 
claims  made  hefore  local  hoards  were  i^ranted  ;  140,(S92  claims  were  made  to  dis- 
trict hoards  and  53,S43,  or  3X.21  jjer  cent  of  claims  made  were  granted.  *  *  * 
Of  the  total  claims  ,i;rante<l  (1,1M,206)  859,150  or  73.9^^  per  cent  of  all  claims 
,q;ranted  were  on  the  ^''^J'-iiifl  '^f  dependency,  22S,452  or  19.67  per  cent  were  on 
the  ground  of  alienage,  67,716  or  5.83  i)er  cent  were  on  the  grounrl  of  vocation, 
3,^i>7  or  .34  per  cent  were  on  the  ground  of  religious  belief,  and  2.001  or  .17 
per  cent  were  on  the  ground  of  moral  unfitness." 

In  considering  these  figures,  it  mu>l  he  horne  in  mind  that  the  national  pur- 
pose was  to  assist  our  allies,  not  only  with  armed  forces  hut  industrially  in  the 
manufactvn-e  of  munitions,  guns,  airplanes,  ships,  automobiles,  etc.,  and  with 
food.  Therefore  it  was  not  only  necessary  to  make  soldiers,  but  to  keep  the 
wheels  of  industry  going  and  at  the  same  time  to  produce  enough  food  to  supply 
ourselves  and  our  allies.  We  were  compelled  to  provide  for  military,  agricultural 
and  industrial  needs.  Since  the  world  began  no  nation  has  been  wise  enough 
to  make  an  equal  distribution  of  the  burdens  of  war  among  these  classes.  War 
has  always  given  opportunity  for  heroic  sacrifice  on  the  part  of  some,  and  self- 
ish gain  on  the  part  of  others.  In  the  first  flush  of  patriotism  the  doctor  who 
for  any  reason  was  compelled  to  stay  at  home  promised  to  divide  his  fees  with 
the  families  of  brother  practitioners  privileged  to  go.  ^\'e  may  now  ask  our- 
selves to  what  extent  this  good  intention  has  been  realized.  At  first,  the  manu- 
facturer of  munitions  stated  that  he  would  seek  no  large  gains, —  and  so  it  ran 
through  all  occupations  and  callings.  We  may  never  know  to  what  extent  this 
altruistic  spirit  has  dominated  in  actuality.  However,  man  has  not  yet  acqiiired 
the  wisdoni  necessary  to  run  the  governmental  machinery  with  equal  justice  to 
all.  and  with  our  many  shortcomings  the  first  real  conscription  attempted  by  this 
countr\-  b.as  been  fair  in  its  application,  promjit  in  its  execution,  and  etficient 
in  its  results. 

The  Provost  Marshal  General's  optimi:>m  concerning  the  physical  improve- 
ment of  the  nation  since  the  Civil  War  has  questionable  support  in  facts.  Be 
this  as  it  may,  the  following  are  some  of  the  lessons  which  seem  to  be  indicated 
by  our  experience  with  the  draft : 

(1)  At  least  one-third  of  our  young  men  are  unfit  physically  for  military 
service.  If  those  who  proved  unfit  after  trial  were  added,  this  fraction  would 
be  much  larger.  This  is  the  real  test  of  any  man's  fitness  for  military  service. 
The  number  of  unfit,  under  any  estimate,  is  too  large  and  indicates  lack  of 
proper  physical  training,  or  the  presence  of  unsanitary  environment,  or  the  in- 
heritance of  marked  physical  defects.  Doubtless  all  of  these  are  factors  con- 
tributing to  this  delin(|uency.  The  causes  should  be  ascertained  and  steps  taken 
for  their  remo\al. 

{2)  We  have  among  us  too  many  low-grade  aliens.  So  far.  the  records  fail 
to  show  to  what  extent  the  alien  stock  among  us  has  contributed  to  our  physical 


51,,  TllK    JOURNAL    OF    UAHOKATOKV    AND    CIJNICAU    IMEDICINI*. 

defects  but  the  facts  i^iven  concerning  the  relative  ratio  of  physically  qualitied  to 
physically  examined  are  suggestive  at  the  least.  H  the  average  physical  condi- 
tion of  the  voung  men  of  Alabama  with  its  large  negro  population  is  better  than 
that  of  Pennsylvania  ^^■lth  its  large  foreign  white  population,  it  is  time  that 
oreater  restrictions  should  be  placed  on  immigration.  The  report  does  not  give 
sufficient  data  on  this  point,  and  we  await  details  concerning  rejections  for  phys- 
ical disqualifications. 

(3)   \\>  certainly  should  take  it  to  heart  and  recognize  that,  so  tar  as  the 
physical  trainino-  of  our  youth  is  concerned,  we  are  sadly  at  fault. 
^   -■  ^  '  —V.  C.  V. 
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HISTORICAL    REVIEW 

In  1888  Brieger  isolated  a  specific,  active,  toxic  substance  from  the  am- 
putated arm  of  a  victim  of  tetanus.  In  the  year  following  Brieger  and  Frankel 
noted  the  toxalbumin  in  broth  cultures  of  B.  Tetani.  Kitasato  in  1891  in- 
jected the  blood  of  tetanus  infected  laboratory  animals  into  other  animals,  and 
Nissen  did  the  same  with  blood  from  patients  dying  from  a  tetanus  infection, 
whereby  both  were  able  to  observe  its  toxic  action.  Brieger's  pupil,  Imnier- 
wahr,  went  a  step  farther  than  his  teacher  and  isolated  a  toxalbumin  from  the 
organs  of  infected  laboratory  animals  which  he  assumed  to  be  identical  with 
the  product  from  the  bouillon  cultures.  He  likewise  isolated  the  same  sub- 
stance from  an  amputated  human  leg.  Stern  in  18^)2  demonstrated  the  toxic 
activity  of  the  blood  of  tetanus  patients  fifty-four  hours  before  their  death. 
Then  a  large  number  of  workers  began  to  investigate  the  blood  stream  of  human 
beings  under  all  sorts  of  pathologic  conditions  as  well  as  in  health.  Rabbits 
were  used  as  recipients  and  the  ^NI.L.D.  of  normal  human  blood  varied  among 
some  fifteen  workers  between  8  and  27  c.c.  per  kilogram  of  rabbit.  The  blood 
of  sheep,  swine,  the  ox  and  horse  were  likewise  injected  and  their  toxicities 
determined,  t 

Uhlenuth^  in  1807  reviewed  these  divergent  observations,  and  after  amplify- 
ing laboratory  trials  to  include  a  number  of  new  diseases  and  pathologic  con- 
ditions, concluded  that  positive  animal  reactions  to  the  injection  of  blood  could 
not  be  relied  upon  as  differentiating  between  a  normal  and  a  pathologic  con- 

*From   the   Hygienic   Laboratory,  I'nivcrsity  of  Micliigan. 
tQuoted   from   Uhlenuth:      Ztschr.   f.   Ilyg.,    1897,   xxvi,   38-4-39/. 

A  dissertation  submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of 
Public    Health. 
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dition  of  the  donor's  l)lood.  He  made  his  injeelions  sul)CUlaneously  on  guinea 
pigs  ami  found  that  all  blood,  in  greater  or  less  iiuantity,  caused  infiltrations 
at  the  site  of  the  injection  when  in  small  doses,  with  necroses  followed  by  death 
when  the  doses  were  relati\el\-  large.  Normal  horse  serum  was  the  least  toxic 
and  almost  without,  effect  up  to  a  dose  of  20  c.c.  when  an  easily  resorbed  in- 
filtration was  evident.  Obdiiction  of  dead  animals  disclosed  m^thing  of  any 
importance  except  in  the  animals  d}ing  from  an  injection  from  a  scarlet  fever 
patient,  when  a  cloudy  swelimg  of  the  kidneys  was  noted,  accompanied  by 
incipient  fatty  changes. 

In  1898  Brieger  and  Uhlenuth  made  inquiry  into  the  nature  of  the  toxic 
agent  that  seemed  to  be  present  in  all  bloods,  and  decided  that  it  had  nothing 
to  do  with  the  fibrin  ferment  of  Schmidt  and  Pekelharing,  or  with  any  other 
ferment  that  the}'  knew  anything  about,  and  that  it  did  belong  to  the  toxalbumins, 
since  it  was  readily  destroyed  by  alcohol,  and  was  refractory  to  dialysis  and 
filtration  through  porcelain.  They  next  tried  the  effect  of  placing  a  bit  of 
homologous  tissue  under  the  skin,  and  found  that  similar  necroses  developed, 
usually  ending  in  the  death  of  the  animal.  A  physiologic  salt  suspension  of 
the  tissue  was  found  to  be  equally  effective.  Greatly  to  their  surprise,  when 
they  extended  their  work  to  the  heterologous  tissues,  they  found  that  the  tis- 
sues of  the  horse,  to  whose  serum  the  animals  failed  to  react,  were  very  pow- 
erful in  their  necrotic  effects.  On  the  other  hand  no  differences  could  be  de- 
tected in  the  effects  of  normal  human  or  pathologic  tissues  of  any  sort.  Plung- 
ing mto  this  work  with  considerable  energy  they  soon  found  that  a  more  thorough 
preparation  of  the  tissues  before  placing  them  under  the  skin  permitted  them 
to  be  absorbed  without  appreciable  eft'ects,  so  they  dropped  the  work  at  that 
point. - 

In  1909  Schenk''  expressed  a  liquid  from  placental  tissue  which  had  a  toxic 
action  upon  intravenous  injection  into  rabbits.  He  was  seeking  some  light  on 
eclampsia.  He  found  that  a  short  incubation  with  a  small  quantity  of  serum 
from  varying  sources  sutffced  to  completely  detoxify  the  expressed  liquid.  In- 
activation  of  the  sera  did  not  affect  their  ability  to  render  harmless  the  ex- 
tracts. He  w'as  able  to  secure  a  short  immunity  to  as  high  as  three  lethal  doses 
by  the  usual  process  of  repeated  sublethal  injections. 

Kraus,  Volk,  and  Lowenstein^  in  l*'ll,  working  in  the  field  of  tuberculins 
thought  that  animals  infected  with  tuberculosis  showed  a  marked  susceptibility 
to  a  liquid  which  they  had  expressed  from  the  organs  of  tuberculous  labora- 
tory animals.  However,  further  researches  showed  that  there  was  no  specific 
susceptibility  on  the  part  of  the  infected  animals,  and  also  that  liquids  expressed 
from  the  organs  of  healthy  animals  served  to  produce  the  same  necroses  and 
deaths. 

In  Dold's'"'  initial  paper  he  reviewed  nuich  of  the  work  that  has  been 
mentioned  and  confirmed  that  of  Volk  and  Lowenstein  in  particular.  He  worked 
with  physiologic  salt  extracts  and  pointed  out  that  the  toxicity  of  the  extracts 
varied  directl_\-  with  the  (juantity  of  tissue  em])lo}ed  or  imcrscK-  to  the  amount 
of  salt  solution  used.     He  found  that  the  intraperitoneal  or  subcutaneous  dose 
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was  from  iliicc-  lo  four  limes  that  n-<|iiirc(l  \ty  iiitras cnous  injection  for  tlie 
same  result,  and  that  llic  lioinoloj,'ous  species  was  relatively  more  suscei^tible 
to  the  (litVi-reut  tissue  extracts  than  luieroloj^ous  species.  Me  further  noted  that 
extracts  lost  their  toxicity  not  only  by  standinj^  at  rofjm  temperature  for  a  few 
davs,  aj^jain  conhrmin},'  \'olk  and  Lowcnstein,  but  also  by  heatinj^  to  C)(r  C.  for 
not  less  than  thirtv  minutes.  Such  healinj,'  caused  the  formation  of  a  ]»recipitate, 
the  decrease  in  toxicity  beinj^  parallel  with  the  mass  of  the  precipitate  that 
was  thrown  down.  I'iltration  through  a  lierkefeld  also  rendered  Dold's  ex- 
tracts nontoxic;  but  .\ron>on'  had  already  noted  this  point  in  •1909  in  con- 
nection with  an  extract  of  beef  kidneys  that  he  had  prepared  for  the  treatment 
of  kidney  disorders.  Dold  also  used  serum  for  the  detoxification  of  extracts 
without  acknowledgment  of  v^chenk's  earlier  work  which  provoked  a  polemic 
concerning  the  priority  of  the  work  on  organ  extracts.  Schenk"  claimed  that 
his  "Pressaftc"  was  a  general  i)rinciple  and  that  Dold  had  done  nothing  new 
when  he  substituted  extraction  for  pressure  or  extended  the  work  to  other  tis- 
sues. However,  Dold  did  determine  more  closely  the  quantity  of  serum  that 
would  detoxif}-  an  extract  and  found  ■'  that  so  small  a  cjuantity  as  .5  c.c.  in 
contact  with  a  lethal  dose  of  the  extract  for  fifteen  minutes  completely  neu- 
tralized its  ettects.  In  continuing  his  work  Dold**  noted  that  all  sera  were  not 
equal  in  their  power  for  detoxification,  but  speaking  broadly,  the  homologous 
serum  with  the  tissue  was  most  effective.  Xo  definite  law  could  be  formulated 
because  all  sera  in  some  proportion  would  minimize  the  toxic  effect  of  all  ex- 
tracts. Filtering  the  sera  through  porcelain  completely  eliminated  their  power 
to  remo\e  the  acti\e  agent  from  the  extracts.  Dold  believed  the  process  of 
detoxification  to  partake  of  the  nature  of  a  ferment  inhibition,  pointing  in  sup- 
port of  this  view  to  the  work  of  Hedin^  who  had  observed  that  the  addition  of 
egg  or  seralbumin  to  a  casein-trypsin  mixture  hampered  digestion,  and  that 
the  inhibition  was  more  conijilete  when  the  order  of  combination  was  trypsin- 
albumin-casein.  Dold  further  showed  that  complement  did  not  enter  into  the 
neutralization  process,  lor  b\-  ap[)r()priate  titration,  complement  was  shown  to 
be  undiminished  in  a  serum  that  had  been  used  for  detoxification  as  compared 
to    an    unused    portion    of    the    same    serum. 

Incubation  with  kaolin  removed  the  toxicity  of  the  extracts,  and  Izar^* 
later  showed  that  brain  emulsion,  talcum,  animal  charcoal,  and  rice  starch  would 
in  particular  amounts  for  each  substance  render  the  extracts  harmless.  When 
Dold  attempted  to  immunize  rabbits  by  successive  sublethal  doses  the  animals 
rapidly  became  cachectic  and  died  at  varying  intervals.  The  best  he  could  do 
was  to  obtain  a  very  feeble  resistance  to  one  lethal  dose  in  some  animals.  This 
is  in  marked  contrast  to  Schenk's  earlier  claim  of  immunity  to  three  lethal  doses 
of  his  expressed  liquid. 

Inquiring  into  the  source  of  the  toxic  substance  that  seemed  to  be  ubiq- 
uitous for  animal  tissues.  DolcP-  assumed  that  it  had  its  origin  in  either  the 
body  cells  or  in  the  lymph.  He  could  obtain  but  weakly  toxic  extracts  from 
washed  leucocytes  or  erythroc\tes.  and  injections  of  relatively  large  quantities 
of  either  the  fresh  cells  or  the  cell  residues  after  extraction,  failed  to  produce 


520  Tlit:    JOUKXAL    OF    LABOKATOKV    AND    CLINICAL    MICDICINJJ 

an  effect  that  was  at  all  comparable  to  that  of  the  tissue  extracts.  The  animals 
died,  but  the  preliminary  symptoms  were  not  the  same  and  the  deaths  were 
delayed  a  considerable  time  as  compared  to  ilie  lliree  to  eight  minute  deaths  of 
the  animals  receiving  the  tissue  extracts.  Dold  dissected  ox  and  rabbit  eyes  into 
their  components  and  made  extracts  of  the  separate  parts.  lie  found  the 
toxicity  of  these  extracts  to  be  parallel  with  their  cell  content.  The  order  of 
toxicity  in  a  descending  scale  being,  uvea  and  retina,  sclera,  cornea,  lens,  and 
vitreous  humor,  the  latter  two  being  entirely  without  effect.  He  explains  the 
apparent  discrepancy  between  these  findings  and  his  assertions  concerning  the 
red  and  white  cells  by  calling  attention  to  the  more  strict  metabolic  activities 
of  the  tissue  cells  as  compared  to  the  functions  of  the  blood  cellular  elements. 
Cutting  a  rabbit's  lung  into  three  pieces,  he  allowed  it  to  remain  in  physiologic 
salt  solution  for  two  hours.  After  removal  of  the  lung  the  solution  was  cen- 
trifuged,  and  upon  injection  i^roved  to  be  as  toxic  as  if  the  tissue  had  been 
rubbed  up  as  was  his  usual  custom.  His  conclusion  as  to  the  source  of  the 
poison  is  best  expressed  by  his  statement :  "An  extractable  poison  is  in  animal 
tissue  in  a  quantity  proportional  to  their  metabolic  activities  and  lymph  con- 
tent." 

Animals  receiving  a  lethal  dose  of  organ  extracts  present  the  characteristic 
featvnxs  of  the  anaphylactic  syndrome.  However,  obduction  shows  clots  in  the 
heart,  accompanied  by  abdominal  hyperemia  and  thrombi  in  the  lungs.  Dold 
believed  the  thrombi  to  be  the  cause  of  death.  In  order  to  test  the  point  he 
added  Jacoby's  hirudin  to  a  lethal  dose  of  the  extract  or  else  gave  the  animal 
an  injection  of  hirudin  just  preceding  the  injection  of  the  extract.  The  clots 
were  not  found  in  the  lungs  in  spite  of  the  fact  that  the  animals  died.  This 
indicated  that  the  supposed  thrombic  enzyme  did  not  play  the  part  assumed  by 
Dold.  A  further  use  of  a  more  fredily  prepared  extract  of  leeches  not  only 
saved  the  animals,  but  presumably  prevented  the  formation  of  the  thrombi. 
One  can  therefore  form  his  own  conclusions  as  to  the  formation  and  influence  of 
the  thrombi,  since  Dold  did  not  attempt  to  further  clear  up  the  point.  He 
found  that  ten  per  cent  peptone  administered  in  varying  quantities  just  before 
the  injection  of  the  extracts  saved,  from  a  considerable  series  of  experimental 
animals,  an  average  of  75  per  cent. 

Bauer  and  W'iistoft'"  considered  organ  extracts  to  be  equivalent  to  anaphy- 
latoxin  as  prepared  in  vitro.  Dold  proposed  the  same  notion  and  even  thought 
that  tissue   from  anaphylactic  animals  yielded  a  more  typical   anaph}'latoxin.^- 

Grafenberg  and  Thies^-  made  a  physiologic  salt  extract  of  testicles  and 
found  it  to  be  quite  toxic.  They  were  interested  in  the  specificity  of  tissue  re- 
actions as  compared  to  species  reactions  to  such  extracts.  They  found  that 
males  of  the  same  species  were  slightly  more  susceptible  than  any  normal  ani- 
mals ;  females  of  the  same  species  were  highly  resistant.  Young  animals  of  the 
same  species  showed  no  sexual  differences  in  their  reactions  to  the  extracts. 
The  most  susceptible  animals  to  the  homologous  testicular  extracts  were  cas- 
trated males  and  pregnant  females.  vSensitized  animals,  which  they  were  able 
to   secure  by   careful    mani])ulation,    reacted    promptlv    to    an    iniection    of    anv 
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extract.  'IMiey  could  Imd  no  j.,mouii(1s  for  a  species  s])cciticity,  hut  lu-lievcfl  their 
work  to  point  to  a  possihiUty  of  tissue  specificity  to  testicular  extracts.  Izar 
and  1-ajj^uioli' •  made  a  nicthyl  alcohol  extract  of  hovine  and  do^  testicles  and 
injected  into  rahhits  and  jiij^s  a  watery  emulsion  of  the  extracted  lipoids.  They 
used  a  lonj^-  series  of  dilutions  and  ol)>er\ed  hut  slif^ht  evidence>  oi  toxicity. 
Heatinj:^  such  emulsions  for  one-half  to  one  hour  at  a  tem[)erature  of  50''  C. 
raised  their  toxicity  \evy  markedly.  Carrying  the  heating  on  up  to  a  tempera- 
ture of  100°  C.  for  ten  minutes  still  caused  an  increase  in  toxicity,  hut  if 
heated  longer  at  this  higher  temperature,  the  toxicity  fell  helow  that  for  the 
unhealed  extracts.  A  previous  injection  of  .8  to  2.5  c.c.  saturated  sodium  chlo- 
ride containing  one  per  cent  of  calcium  chloride  protected  rahhits  from  death 
in  most  cases  and  always  prolonged  it.  Titration  of  complement  before  and 
after  iniection  of  their  waterv  emulsions  showed  a  marked  decrease  following 
the  injections,  and  the  decrease  was  in  general  parallel  to  the  severity  of  the 
reaction  to  the  emulsion.  They  confirmed  Dold's  failure  to  secure  immunity. 
Izar  and  Ascoli'*'  and  later  Izar'^  alone,  worked  with  lung  extracts  of 
pigeons,  sparrows,  and  rahhits.  They  noted  the  temperature  reactions  and  found 
them  to  be  typical  for  the  parenteral  injection  of  proteins.  They  extended  the 
attempt  to  protect  the  recipient  animals  by  a  previous  or  simultaneous  injection 
of  inorganic  salts,  using  salts  of  barium,  strontium,  magnesium,  potassium,  am- 
monium, and  cadmium.  Such  protection  as  they  were  able  to  observe  they 
ascribed  to  the  cations  involved.  The  various  salts  were  not  uniform  in  their 
eflfects  and  they  found  calcium  chloride  the  most  effective,  because  it  lowered 
the  toxicity  more  and  therefore  kept  the  temperature  curve  more  nearly  nor- 
mal. They  found  serum  from  well  fed  animals  to  be  most  potent  in  detoxifi- 
cation ;  although  serum  from  starved  animals  was  not  without  considerable 
ettect  in  lowering  toxicities  and  therefore  assisting  in  the  maintenance  of  a 
more  nearly  normal  temperature  curve.  Later  work  by  Izar  and  Patane^' 
throws  interesting  light  on  Dold's  conclusions  concerning  the  source  of  the 
poison.  They  made  the  usual  extract  of  rabbit's  lung  and  pro\ed  its  toxicity. 
The  tissue  residue  from  the  original  extraction  was  then  washed  in  several 
liters  of  physiologic  salt  solution  in  successive  portions,  all  the  washings  being 
discarded.  Then  the  original  technic  was  repeated  on  the  tissue  and  the  ex- 
tract thus  made  proved  to  be  nearly  as  toxic  as  the  original.  Again,  the  lungs 
of  a  freshly  bled  rabbit  were  removed  and  an  extract  made  from  one  imme- 
diatel}'.  The  other  was  perfused  with  salt  solution  until  it  was  white  and 
bloodless,  and  then  extracted.  When  both  extracts  were  tested  for  their  tox- 
icity, that  from  the  perfused  lung  proved  to  be  the  more  toxic.  They  found  it 
impossible  to  secure  a  toxic  extract  from  the  dried  and  powdered  lung  with 
methyl  alcohol,  although  Fischer^''  could  detect  no  differences  in  the  properties 
of  a  physiologic  salt  extract  of  fresh  and  dried  tissue.  Izar  and  Patane  in- 
cubated the  ]ihysiologic  salt  extract  of  lungs  at  37'  C.  and  found  that  the  toxic 
principle  was  ([uantilatively  bound  to  the  j^recijiitate  that  was  thrown  down. 
Continuing  Izar's  previous  work  on  the  protection  afforded  by  the  inorganic 
salts,  they  were  able  to  neutralize  in  z-'itro  by  the  addition  of  tenth  normal  cal- 
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ciuni  chloride.  However,  if  to  such  a  neulrahzed  extract  the}'  added  an  exact 
chemical  eciuivalent  of  potassium  oxalate  the  toxicity  was  restored.  Their 
earlier  work  had  shown  that  potassium  ions  were  low  in  protection  as  com- 
pared to  the  ions  of  calcium.      - 

l"'ischer  could  not  conhrm  Dold's  obserxalion  that  standing  a  few  davs  at 
room  temperatvn-e  sutticed  for  the  extracts  to  lose  their  potency,  as  his  were 
effective  after  standing-  for  eight  weeks.  He  asserted  that  there  were  two 
substances  that  influenced  the  clotting  of  blood;  one  that  hastened,  and  another 
that  delated  the  formation  of  a  clot.  Therefore,  the  obduction  findings  will  de- 
pend on  which  phase  of  these  influences  was  predominant  when  the  animal  died. 
The  quantity  of  extract  was  but  a  minor  part  in  the  actual  working  out  of  its 
effects,  and  we  are  told  that  the  exact  nature  of  the  substances  that  control  the 
blood  clotting  is  as  yet  unknown. 

Distaso^'  worked  with  material  secured  from  cadavers,  also  wdth  fresh 
tissues  of  laboratory  animals.  He  shortly  abandoned  the  cadaverous  material 
as  he  satisfied  himself  that  their  toxicity  was  a  result  of  a  bacterial  activity  after 
death.  He  found  tissue  extracts  to  be  heat  labile,  inactivated  by  serum,  and 
rendered  harmless  by  filtering  through  porcelain,  thereby  confirming  Dold's 
work  on  these  points.  He  also  reported  that  precipitation  with  alcohol  de- 
stroyed the  toxic  agent ;  that  treatment  with  fibrin  or  gelatine  markedly  low'ered 
their  effects,  and  that  dialysis  completely  inactivated  his  extracts  through  the 
loss  of  salts.  Before  abandoning  the  cadaverous  material  as  a  source  of  tissue 
extracts,  he  worked  out  some  of  their  properties,  and  since  they  were  almost 
parallel  for  those  of  a  ferment  such  as  diastase,  he  concluded  that  the  active 
principle  of  extracts  was  a  colloidal  ferment.  Later  he  made  a  comparative 
study  of  extracts  made  from  the  lungs  and  intestines  of  a  female  rabbit  and  her 
fetal  young.  He  found  that  the  lungs  of  both  yielded  a  toxic  extract,  but 
the  intestines  of  the  mother  only  did  so.  He  argued  that  this  showed  the 
active  principles  of  lung  and  intestinal  extracts  to  be  dissimilar,  and  that 
intestines  gave  a  toxic  extract  by  reason  of  the  processes  of  extra-uterine  life. 
Dale  and  L,aidlaw'^°  isolated  B-iminazolylethylamine  from  colon  tissue.  Its  action 
is  very  similar  to  Distaso's  intestinal  extracts,  but  it  is  heat  stable,  so  can  not 
be  the  same  product.  Roger^-  found  that  bile  and  pancreatic  fluids,  injected 
separately  or  together  were  highly  toxic  for  the  homologous  animal.  Fur- 
ther, Roger-*^  and  Falloise-^  have  .shown  that  the  poisonous  material  contained  in 
feces  is  more  marked  in  the  excreta  of  a  breast  fed  infant  than  from  an  adult,  and 
that  feces  of  a  normal  adult  are  more  powerfully  toxic  than  from  a  typhoid 
fever  j^atient.     In  all  cases  extracts  of  fecal  material  were  heat  stable. 

Ichikawa--  in  1913  studied  the  blood  clot  accelerating  effects  of  various 
extracts  in  vitro  and  found  this  property  to  run  ])arallel  with  their  toxicity. 
He  w^as  imable  to  confirm  Dold's  assertions  that  the  extracts  were  most  toxic 
for  the  homologous  animal  and  that  homologous  serum  was  most  efifective  for 
detoxification.^  He  found  that  sodium  citrate  had  an  efiVct  analogous  lo  hirudin 
either  by  previous  or  simultaneous  injection  with  the  extracts.  He  evidently 
considered  organ  extracts  to  be  equivalent,  in  their  efifects  at  least,  to  anaj^hy- 
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laloxin.  I'lir  lie  iniiaik^  that  the  tciiiiici  alurc  cliaiij^'c^  produccl  l»y  injection 
ol'  I'ric(ll)(  li^rr's  aiiapliN  latuxiii  and  (if  a|)i)ro])riatc  anKUints  of  orj^an  extracts 
arc  idciitiral.  •  In  jintioii  n\  lar.^c,  luit  sultlcthal  doses  of  lunj,'  extract,  caused 
niarki'd  Knici )|ic-nia  ;  siiiallcr  dnst-s  caused  an  inci|iicut  leucopenia  which  soon 
reversed  itscll"  and  ended  in  leucocytosis.  I'.lood  ]ire>sure  remained  unaltered  by 
the  injection  ot"  sublethal  doses.  Xo  at(j,dutination  or  ])reci|)itation  of  homol- 
ogous ri'd  cell^  1)\  lun.n  extracts  could  he  observed  by  Ichikawa,  a1thout,'h  Em- 
bleton-'  was  abli'  to  note  an  apiireciable  rise  in  the  hemolytic  jtower  of  serum 
from  rabbits  that  had  receixed  a  sublethal  dose  of  some  or^^an  extract.  It  will 
be  recalled  that  Dold  was  ai-le  to  detoxify  his  extracts  by  heating  to  60"-  C.  for 
not  less  than  one-half  hour;  Ichikawa  confirmed  this  point  for  rabbit  lung 
extract,  but  that  from  the  luns^s  of  the  .L,aunea  ])ig  withstood  this  tem])era- 
turc  without  any  diminution  of  toxicity.  .\ronson,-*  in  attempting  to  pre- 
pare anaphxlatoxin  without  the  use  of  serum,  heated  bacterial  cells  in  physio- 
logic salt  suspension  to  a  temperature  of  C^?"  C.  and  secured  a  toxic  filtrate  by 
ccntrifuging  out  the  germ  substance.  If  bacteria  are  chemically  equiNalent  to  the 
extracts  of  tissue  and  one  can  rule  (Hit  the  possibility  of  the  extraction  of  an 
endotoxin,  that  would  be  heat  stable  to  the  temperature  employed,  it  would 
then  be  in  order  to  use  Aronson's  work  in  checking  up  other  results  with  organ 
extracts.  Ichikawa  gave  support  to  the  dual  nature  of  the  extracts  as  sug- 
gested by  Fischer,  by  attempting  to  immunize  rabbits  with  a  heat  neutralized 
extract.  The  heating  eliminated  the  toxicity,  with  its  accompanying  blood  clot- 
ting changes,  but  the  animals  all  developed  cachexia  and  died  just  as  if  they 
had  been  given  sublethal  doses  of  the  unheated  extract. 

Dold  and  Kodama-''  in  a  later  work  indicate  that  all  their  extracts  were  acid 
in  reaction,  and  that  they  were  not  able  to  modify  their  toxicity  by  either  making 
alkaline  or  slightly  more  acid.  A  precipitate  settled  out  upon  stronger  acidifi- 
cation which  was  found  to  carry  the  toxic  agent  with  it,  thereby  confirming 
Izar  and  Patane  in  a  similar  observation.  This  precipitate  could  be  kept  dry  for 
one  month  and  the  toxin  recovered  by  water,  ether  or  acetone.  Addition 
of  fresh  sera  to  the  dried  i)recipitate,  followed  by  removal  and  an  immediate 
extraction  of  the  substance  by  water  showed  that  the  sera  had  destroyed  the 
toxic  ]irinciplc.  They  also  added  their  contirniation  as  to  the  ettect  of  alcohol 
on  organ  extracts  as  announced  earlier  by  Distaso.  Treatment  of  an  acjueous 
extract  with  magnesium  sulphate  partially  salts  out  the  toxic  substance,  which 
could  be  recovered  salt  free  by  dialysis.  Seeking  more  knowledge  concerning  the 
chemical  identity  and  nature  of  organ  extracts,  Dold  found  that  treatment  with 
ether  causetl  a  separation  into  a  waterv  layer  on  the  Ijottom.  with  a  precipitate 
above,  and  the  ether  on  toj)  of  all.  When  very  strong  extracts  were  so  treated 
a  ]Kirt  of  the  poison  was  found  in  the  jirecipitate,  but  if  an  extract  of  only 
moderate  toxicity  was  handled  with  ether  the  poison  was  found  to  have  been 
destroyed.  Similar  treatment  with  acetone  always  destroyed  the  poison, 
regardless  of  what  strength  of  extract  was  used.  Since  these  same  character- 
istics are  also  ccMiimon  to  ferments,  they  were  held  to  be  additional  proof 
of  the  probable  ferment  nature  of  the  extracts. 
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Catapano'-''  and  I'ittorl-'  examined  a  lart;e  number  of  extracts  of  animal  .'md 
human  tissue  for  their  m}(h-iatic  pro]ierties.  The  adrenals  were  the  most  ac- 
tive but  all  tissues  with  exception  of  thyroid,  sj)leen,  and  nerve  yielded  an  ex- 
tract of  greater  or  less  activity.  .  Bingel  and  vStrauss'--  confirmed  these  workers  in 
all  their  findings  exce])t  for  the  kidney  and  liver.  All  were  agreed  that  the 
extracts,  as  far  as  their  mydriatic  properties  were  concerned,  were  stable  to 
heating,  and  the  last  mentioned  workers  claimed  serum  to  be  without  effect  on  this 
characteristic.  Dold-"  probably  had  occasion  lo  note  the  same  effects  on  the  eye 
as  these  workers,  because  he  does  mention  a  marked  inflammatory  process  that 
he  had  observed  to   come  on  very  rapidly,   which   slowly   subsided. 

KXPKRIMKNTAL 

First,  a  brief  resume  of  the  circumstances  that  provoked  this  study  will  be 
of  some  interest.  In  the  course  of  a  series  of  experiments  we  had  occasion  to 
attempt  to  determine  the  fate  of  Vaughan's  poisonous  protein  cleavage  product 
when  administered  enterally  to  cats.  The  presence  of  the  poison  in  the  blood 
stream  was  definitely  established  by  heart  jnmctures  following  its  introduction 
into  the  stomach  by  a  tube.  By  withdrawals  of  heart  blood  from  a  dosed  cat 
at  intervals  of  ten  to  twelve  minutes,  followed  by  immediate  transfer  of  such 
blood  to  guinea  pigs  intravenously,  a  wave  of  toxicity  could  be  noted  that  rose 
to  a  peak  in  about  one  hour  and  then  gradually  faded  away.  This  observation 
was  carefully  checked  by  the  injection  of  normal  cat's  blood.  Following  the 
matter  one  step  farther,  it  seemed  in  order  to  see  if  any  of  the  poison  could  be 
recovered  from  the  tissues  of  such  an  experimental  animal  after  it  had  been 
repeatedly  dosed  with  the  poison.  For  reasons  which  need  not  be  given  here 
alcoholic  extraction  of  the  tissues,  followed  by  appropriate  after-treatment  of 
the  extract  was  the  method  of  procedure.  Obtaining  an  extract  that  was 
highly  toxic  to  guinea  pigs  upon  intravenous  injection  it  was  interpreted  as 
evidence  of  poison  recovery.  However,  upon  applying  the  identical  technic 
to  the  organs  and  tissues  of  a  normal  cat  an  extract  was  secured  that  was 
equally  toxic  to  the  recipient  guinea  pigs,  as  the  extract  from  the  tissues  of  a 
dosed  cat.  Blocked,  for  the  time  at  least,  by  this  unexpected  result,  a  study  of 
the  toxic  properties  of  organs  and  tissues  was  undertaken. 

Methods  Employed. — It  will  save  repetition  if  the  details  of  the  method 
of  extracting  the  tissues  are  given  at  this  time.  What  we  have  already  referred 
to  as  the  "extract,"  and  will  have  frequent  occasion  to  refer  to  again,  was 
prepared  by  the  following  procedure : 

Animals  were  killed  by  thorough  exsanguination.  Such  tissues  as  were 
desired  were  immediately  removed  and  placed  in  separate  receptacles.  They 
were  washed,  under  the  tap,  free  of  all  blood,  and  all  fat  and  extraneous  tis- 
sues were  removed  from  each  organ.  The  stomach  and  intestines  were  opened 
up  and  well  cleaned.  By  the  use  of  an  ordinary  household  food  chopper  the 
tissues  were  ground  to  the  consistency  of  a  fine  sausage.  In  this  condition  the 
tissues  were  placed,  always  in  se])arate  vessels,  under  absolute  alcohol.  The 
quantity  of  alcohol  was  2  c.c.  for  each  gram  of  the  moist  ground  tissue.  For 
this  purpose   Erlenmeyer   flasks   were  used,   stoppered   with   a   plug   of   cotton. 
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They  sloofl  al  lonni  ifiii|n'iatiiix-  with  ihcif  loiiU-nt^  for  ])crio(ls  varyiiit;  from  two 
da}'s  to  fixe  wct-ks,  occasioiialh  Ixinj,^  shaken.  At  the  conclu^if>n  of  this  extrac- 
tion period  with  the  aUohi)]  it  was  recovered.  Thi.s  was  accompHshcd  by  pour- 
inj^  out  the  tlasks  upon  a  clean  unstarched  j^^auze  sui)ported  in  a  funnel.  This 
t'unncl  was  >o  arran.i^cd  that  the  lUud  parsed  onto  a  (piahtative  fdter  paper  sup- 
ported in  another  funnel  helow  the  one  containing  the  cloth.  The  tissue  was 
well  squeezed  out  hy  hand  conipre>siou  in  the  gauze.  The  alcohohc  filtrate  was 
received  in  a  larj^c  CNaporatinj^-  dish.  The  alcohol  was  driven  off  on  a  steam 
bath,  the  evaporation  hein^-  carried  nearly  to  the  point  of  dryness.  The  residue 
left  in  the  dish  was  then  taken  up  either  with  physiologic  salt  solution  or  with 
distilled  water,  usually  the  latter.  ^lacroscopically  nothing  seemed  to  be  dis- 
solved out  of  the  residue  by  this  treatment.  However,  color  was  imparted  to 
the  liquid,  and  this  \aried  in  intensit}-  with  the  tissue  concerned.  This  liquid 
was  cleared  by  filtration  through  jiaper,  and  the  amount  of  water  or  of  salt 
solution  added  was  so  mani])ulale(l  that  the  final  volume  of  the  filtrate  repre- 
sented two  grams  of  the  original  moist  tissue  to  each  c.c.  The  secondary  or 
final  extraction  fluid  was  refractory  to  filtration.  This  was  especially  marked 
in  the  extracts  from  the  abdominal  viscera.  In  order  to  obviate  this  difficulty 
recourse  was  sometimes  taken  to  passing  the  liquid  through  a  plug  of  glass  wool 
in  order  to  eliminate  the  larger  part  of  the  material  in  suspension.  This  fil- 
trate was  centrifuged  at  eight  thousand  R.P.M.  for  ten  to  fifteen  minutes.  This 
substitution  of  centrifugation  for  filtration  produced  no  essential  change  in  the 
characteristics  of  the  extracts  other  than  an  increased  clarity.  Evidently  whirl- 
ing at  the  high  speed  available  would  throw  down  some  particles  that  would  pass 
a  filter  paper.  This  was  shown  to  be  so  by  centrifuging  an  extract  that  had 
oiiginally  been  filtered.  A  very  slight  deposit  was  observed  in  the  centrifuge 
tubes,  accompanied  by  the  change  in  clearness.  However,  no  change  whatever 
was  detected  in  the  toxicity  of  an  extract  after  such  treatment.  This  final  wa- 
tery solution  of  such  materials  as  may  have  been  dissolved  out  of  the  residue 
left  upon  evaporation  of  the  alcoholic  extraction  liquid,  is  what  we  have  desig- 
nated as  the  extract.  In  all  cases,  except  as  shall  be  hereafter  indicated,  it 
was  prei)ared  as  outlined. 

Method  of  Testing  Toxicity. — The  guinea  pig  was  used  as  the  animal  of 
choice  for  testing  toxicity.  This  animal  reacts  promptly  to  injections  of  toxic 
suhstances,  and  generally  with  consistency.  Howe\er,  in  tabulations  of  experi- 
mental data  that  are  to  follow,  some  instances  will  be  noted  where  guinea  pigs 
of  approximate  weights  reacted  diiTerently  to  equal  doses  of  the  same  extract 
or  of  other  toxic  substance.  One  must  therefore  consider  that  indixidual  varia- 
tion is  still  playing  some  part  e\cn  in  as  highly  susceptible  an  animal  as  the 
guinea  pig.  This  accords  with  the  experiences  of  others  on  the  same  point. ^^ 
The  place  of  injection  was  into  one  of  the  external  jugulars,  usually  the  left,  the 
Latapie  animal  board  being  employed  as  a  holder.  The  vessel  mentioned  is 
reached  readil\-  antl  nearly  bloodlessly  by  a  properly  placed  superficial  incision. 

Since  the  guinea  pigs  used  as  recipients  for  the  extracts  displayed  the  true 
anaiihylactic  syndrome  it  will  be  in  order  to  briellv  outline  the  interpretation  of 
the  phases  used  in  tabulations  to  describe  their  responses. 
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Xil  means  a  lailurc  to  react.  Ineliukd  in  this  .yronp  are  all  animals  that  show  only 
an  accelerated  breathing-  rate  hy  reason  of  the  excitement  of  handhn,:.;.  Distinct  immping 
was  lacking. 

Light  shock  indicates  some  peripheral  irritation,  accom])anied  hy  hypercxcitahility, 
slight  dyspnea  and  jerks. 

Moderate  shoclc  convoys  the  picture  of  a  very  rapid  passage  of  the  preliininary  stages 
immediately  followed  by  spasms  and  marked  air  hunger.  The  animal  if  thrown  did  not 
remain  prostrate,  but  was  soon  on  its   feet  again. 

Violent  shock  and  near  death  are  differentiated  only  by  the  severity  of  the  prostra- 
tion. In  those  cases  where  the  shock  is  apparently  of  maximum  intensity,  but  the  animal 
after  a  short  period  of  prostration;  recovers  promptly  and  fully,  the  first  term  is  used; 
but  when  the  prostration  is  long  drawn  out,  during  which  time  there  may  be  some  ques- 
tion as  to  whether  the  animal  is  dead  or  alive,  the  latter  expression  is  employed. 

The  twitching  of  the  nose  that  is  so  characteristic  of  anaphylactic  death  was  used  to 
mark  fatal  termination.  Figures  given  under  the  result  heading  in  the  tables  always  indi- 
cate the  death  of  the  animal  and  give  the  elapsed  time  from  the  completion  of  the  injection 
to  the  last  nasal  twitch. 

Autopsies  were  invariably  performed  and  are  only  commented  upon  when  the  obduc- 
tion  shows  something  at  variance  with  the  typically  distended  lungs,  beating  heart,  fluid 
blond  and  hyperemia  of  the  abdominal  viscera. 

Distribution  of  Extractahle  Poison  'n  llssues. —  It  was  thought  desirable 
in  the  beginning  to  subject  a  wide  range  of  tissues  to  the  extraction  process, 
and  note  the  occurrence  of  the  toxic  agent.  By  adhering  to  the  same  technic 
it  would  be  possible  to  make  observations  as  to  the  probable  quantity  of  the 
poison  present  in  the  tissues  examined.  The  results  of  this  phase  of  the  prob- 
lem are  conveniently  summarized  in  Table  I. 

The  tissues  represented  in  Table  I  are  sufficiently  heterogenous,  in  both 
respect  to  species  and  organs,  to  warrant  the  belief  that  the  extractable  poison- 
ous agent  of  tissue  is  present  in  all  animal  tissues  to  a  greater  or  lesser  extent. 

Quantity  of  Material  Extracted  from  the  Tissues. — When  the  alcoholic 
extract  was  evaporated  the  mass  of  the  residue  left  in  the  dish  was  slight. 
It  formed  but  a  very  thin  coating  on  the  bottom  and  sides  of  the  dish. 
It  has  already  been  remarked  that  the  treatment  of  this  residue  with  water 
did  not  dissolve  any  appreciable  quantity  of  it.  It  w^as  decided  to  get  some 
exact  information  as  to  the  actual  quantities  of  material  being  extracted  by  the 
alcohol  from  the  tissues.  We  wished  further  to  know  how  much  of  this  ma- 
terial was  dissolved  by  the  water,  and  to  determine  the  amount  of  solids  held  in 
solution  in  the  extract  as  injected  into  the  guinea  pigs.  Accordingly,  measured 
amounts  of  the  alcoholic  extract  were  evaporated  to  dryness  on  the  steam  bath 
and  the  weight  of  the  residues  determined.  The  same  jirocess  was  carried  out 
on  the  extract  as  injected.  From  these  figures  it  was  but  a  simple  procedure 
to  calculate  the  total  residue  from  a  given  amount  of  tissue  and  therefore  the 
percentage  of  material  that  was  being  extracted.  It  is  obvious  the  same  infor- 
mation could  be  obtained  concerning  the  extract  as  it  was  injected.  It  will  be 
noted  that  the  concentration  of  the  final  extract  is  expressed  in  terms  of  milli- 
grams per  cubic  centimeter.  Table  II  gives  the  data  on  the  ])oint  under  con- 
sideration. 

The  data  in  Tal)le  II  are  from  the  tissues  of  the  cat.  They  are  idcnlical  with 
the  tissues  of  the  cat  the  toxicity  of  which  is  given  in  Table  I.  It  is  possible 
to  make  a  comparative  study  between  the  amounts  of  solids  that  are  being 
injected  and  the  toxicity  of  the  extract.     This  will  be  taken  up  later. 
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Substance  in  Tissur 


?01KCK 

GUINEA     PIG 

C.C. 

RESULT 

ANIMAI, 

TISSUE 

NO. 

WT. 

INJECTED* 

Cat 

Stomach 

1 

175 

5 

3' 

2 

175 

3 

2' 

3 

180 

1 

Light  shock 

lull  stinc 

4 

150 

5 

4' 

5 

180 

1 

Light  shock 

Liver 

6 

230 

5 

Violent  sliock 

7 

190 

3 

Moderate  shock 

8 

160 

1 

Nil 

Kifhiey 

9 

235 

5 

Violent  shock 

10 

200 

3 

X'iolcnt  shock 

11 

215 

1 

Light  shock 

Spleen 

12 

160 

5 

2' 

13 

200 

1 

Nil 

Lung 

14 

245 

5 

Moderate  shock 

Heart 

15 

190 

5 

Light  shock 

Muscle 

16 

215 

4 

r  30" 

17 

205 

2 

Near  death 

18 

250 

1 

Xil 

Brain 

19 

190 

5 

2' 

20 

200 

2 

Xil 

Rabbit 

Muscle 

21 

155 

3 

2' 

22 

180 

1 

Xil 

23 

240 

2 

Xear  death 

Stomach 

24 

225 

3 

Moderate  shock 

25 

210 

4 

4' 

Heart 

26 

175 

4.5 

3' 

Spleen 

27 

205 

4.5 

Violent  shock 

Biain 

28 

190 

4 

2' 

Lung 

29 

210 

4 

2' 

Kidney 

30 

205 

4 

4' 

31 

175 

1 

Xil 

Intestine 

32 

180 

3 

Light  shock 

33 

220 

4.5 

Moderate   shock 

Liver 

34 

210 

4.5 

r  30" 

35 

190 

2 

Moderate  shock 

Dcg 

Muscle 

36 

200 

2 

\'iolent  shock 

37 

235 

3 

Xear  death 

38 

250 

4 

4' 

Brain 

39 

205 

4 

5' 

40 

175 

1 

Xear  death 

Guinea  Pig 

Stomach 

41 

42 

160 

165 

3 

4.5 

Violent   shock 

1'  30"  Clot  in  heart 

Intestine 

43 

175 

3 

X'ear  death 

44 

215 

4 

Xear  death 

45 

185 

4.5 

2'   Clot  in  heart 

Liver 

46 

200 

4.5 

X'ear  death 

Kidney 

47 

170 

4.5 

r  30" 

48 

185 

2 

Moderate  shock 

Spleen 

49 

200 

4  (5  gm.) 

Xil 

Lung 

50 

205 

4.5 

30' 

Heart 

51 

?no 

4  (7  gm.^ 

r  30" 

Muscle 

52 

250 

-t 

2' 

53 

215 

2 

Light  shock 

54 

185 

3 

X'ear  death 

5=; 

185 

4 

Violent  shock 

56 

I'^.n 

4  5 

X'ear  death 

Brain 

57 

180 

4.5 

2' 

58 

155 

2 

Moderate  shock 

528 


THE    JOUKXAL    OF    LARORATORV    AND    CLINICAL    IMKDICINE 


Table  I— Cont'd 

Showing  the  Distribution  and  Relative  Toxicity  of  a  Poisonojs  Extractabi.e 

Substance  ix  Tissue 


SOURCE 

guinea   pig 

c.c. 

INJECTED* 

ANIMAL 

tissue 

no. 

WT. 

IvESULT 

Sheep 

Muscle 

59 

175 

2 

2' 

60 

175 

1.5 

Moderate  shock 

Veal 

Muscle 

61 

180 

2 

Near  death 

62 

200 

2.5 

3'  30" 

Li\er 

63 

210 

4 

4' 

64 

210 

3 

3' 

65 

170 

2 

Light  shock 

Ox 

Muscle 

66 

200 

2 

Violent  shock 

67 

180 

2.5 

3' 

68 

170 

2 

4' 

Liver 

69 

160 

2 

Violent  shock 

70 

175 

2.5 

Near  death 

71 

250 

3 

Violent  shock 

12 

230 

4 

2'  30" 

Hog 

Muscle 

IZ 

175 

2 

Violent  shock 

74 

165 

2.5 

3' 

'Kach  c.c.   represents   2  gm.   of  tissue. 


Table  II 

Showing  the  Amount  of  Material  Extr.\cted  from  the  Tissues  of  the  Cat  and 
Concentration  in  J'''inai.  Extract 


ALCOHOLIC  EXTRACTION 

EXTRACT   AS   INJECTED 

Tissue 

Wt. 

Wt.  of 

7o  of 

Wt.  of 

%  of 

mg. 

residue 

tissue 

residue 

tissue 
0.47 

per  c.c. 

Stomach 

69 

0.934  gm. 

1.55 

0.283  gm. 

9.44 

Intestine 

195 

2.621 

1.34 

1.772 

0.91 

18.17 

Liver 

150 

4.85 

2,21 

2.315 

1.54 

30.80 

Kidney 

62 

0.934 

1.51 

0.805 

1.30 

25.90 

Spleen 

23 

0.372 

1.61 

0.181 

0.79 

15.75 

Lung 

52 

0.765 

1.47 

0.300 

0.58 

11.53 

Heart 

25 

0.381 

1.52 

0.163 

0.65 

13.00 

Muscle 

350 

8.275 

2.36 

6.406 

1.83 

36.60 

Bram 

67 

1.410 

2.10 

0.732 

1.09 

21.85 

Reaction  of  the  Extracts. — The  reaction  of  the  extracts  was  usually  mark- 
edly acid  to  litmus.  Occasionally  an  extract  of  stomach  or  of  intestinal  tissue 
Avould  be  neutral  to  Htmus.  No  ready  explanation  of  these  exceptions  was 
apparent.  The  color  of  the  extracts  made  it  necessary  to  use  litmus  in  titrat- 
mg  their  acidity.  The  method  of  titration  was  to  add  in  succession  small 
amounts  of  standard  alkali.  Between  each  addition  of  alkali  pieces  of  both  red 
and  blue  litmus  paper  were  applied  to  the  solution.  These  were  arranged  on 
a  clean  glass  plate,  each  pair  being  placed  op])osite  each  other  and  in  exact  order 
of  use.  The  addition  of  alkali  was  continued  until  the  reaction  was  clearly 
alkaline  by  both  pieces  of  litmus.  The  litmus  ])aper  series  passed  from  both 
red  at  one  end  to  both  blue  at  the  opposite  end  of  the  series.  When  the  strips 
of  paper  were  air  dry  they  were  inspected  and  the  neutral  point  was  determined 
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\>y  si-lc'Ctin.i,^  Irdin  .iIkuii  ihc  inidillc  of  llir  scries  that  i»aii'  of  pajiCTs  that  had 
the  same  tint.  The  total  alkali  added  iiji  to  thi>  |)oiiit  was  thereffjrc  a  measure 
of  their  oriijin.-d  acidity.  In  'J'ahle  III  the  acidity  is  expressed  in  c.c.  of  normal 
alkali  re<|uired  to  exactly  neutralize  100  c.c.  of  the  extract.  In  the  actual  titra- 
tion a  more  dilute  alkali  was  employed,  and  the  results  were  then  calculated  to 
the  basis  mentioned. 

Tahi.k  III 
AcniiTv  OF  Cat  Tissik  Extract 


TISSUE 

c.c.   NORM.AL  AI.KAI.I   RKQLIRF.D  TO 

NKITRALIZE   100  C.C. 

Intestine  .A 

2.88 

Intestine  B 

L88 

Liver  A 

2.71 

Liver  B 

2.40 

Liver  C 

1.81 

Lung  A 

0.34 

Lun:?  B 

1.77 

Stomach  A 

0.67 

Stomach  B 

1.60 

Brain  A 

0.40 

Brain  B 

2.43 

Kidnev  A 

2.50 

Kidnev  B 

2.73 

Kidney  C 

2.00 

The  letters  indicate  that  an  extract  from  a  ditlerent  animal  was  being  tested, 
although  from  the  same  tissue.  Guinea  pigs  are  susceptible  to  injections  of 
acid  solutions.  It  was  thought  that  the  acidity  of  the  extracts  might  be  the 
ruling  factor  in  their  toxicity.  But  no  lack  of  toxicity  was  found  in  those  ex- 
tracts of  stomach  and  intestine  that  were  found  to  be  neutral.  It  was  thought 
best  to  test  the  matter  out  by  neutralizing  an  extract  and  then  noting  its  tox- 
icity. An  injection  of  the  same  extract  without  neutralization  served  as  the 
control.  Some  of  the  extracts  used  were  the  same  as  those  reported  in  the 
preceding  table  and  the  same  letters  are  used  to  designate  them.  Since  the  dilu- 
tion in  no  case  is  above  three  per  cent  it  is  ignored  in  the  volume  of  the  neu- 
tralized extract  that  was  injected. 


Table  IV 
ToxicTTv  OF  Xeutralized  Cat  Tissue  Extracts 


TOXICITY 

TISSUE 

WHEX'^   ACin 

WHEX    NEUTRAL    TO    LITMUS 

C.C.  IXJECTED 

RESULT 

C.C.  IXJECTED 

RESULT 

bitestine  A 

4 

?' 

4 

>' 

Intestine  B 

4 

y 

4 

3' 

Liver  A 

4 

1' 

4 

N'ear  death 

Liver  B 

4 

Violent   shock 

4 

Light  shock 

Liver  C 

4 

1' 

4 

Moderate  shock 

Stomach  B 

3 

4' 

4 

Light  shock 

Brain  B 

4 

\'iolent  shock 

4 

Violent   shock 

Kidnev  B 

4 

12' 

4 

N'ear  death 

Kidney  C 

4 

3' 

4 

Moderate  shock 

Intestine 

4 

2'   (clotted  hlood) 

4 

2'  (clotted  blood) 

Stomach 

4 

2'  30" 

4 

5 
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ApparcMilh-  ihc  acidilx'  is  not  tlic  cause  of  the  toxicity.  A  carel'ul  considera- 
lion  of  the  data  in  Tahle  1\'  sliows  tliat  the  attempt  to  modify  toxicity  by  ad- 
justment of  reaction  failed  both  ways.  That  is,  the  toxicity  was  not  appreciably 
lowered  or  raised  from  what  it.  was  orit,nnall}-. 

Effect  of  Patuiuc. — A  more  critical  sur\ey  of  the  data  in  'Paljle  I  showed 
that  muscle  tissue  ])r()duced  an  extract  that  seemed  to  more  consistently  hold 
a  high  toxicity  than  any  other  one  tissue.  This  fad  caused  us  to  consider  means 
wherebv  it  might  be  ])ossible  to  radicall}-  modify  the  muscle  tissue  of  an  animal 
in  its  ])hysico-chemical  properties.  It  was  prc^posed  to  extract,  not  only  the 
muscle,  but  all  other  tissues  of  the  animal  and  observe  whether  any  marked 
change  had  taken  ])lace  in  the  extract  of  such  tissues  as  compared  to  the  tis- 
sues of  a  normal  animal.  Extreme  fatigue  was  the  first  to  be  considered.  A 
large  strong  cat  was  selected  and  its  urine  was  examined  for  sugar.  It  was 
found  to  be  negative.  The  animal  was  then  placed  in  a  situation  that  involved 
a  moderate  but  continuous  muscular  effort.  At  the  end  of  four  hours  the 
test  for  sugar  in  the  urine  was  strongly  positive.  For  the  next  few  hours  the 
sugar  remained  practically  constant  in  the  urine.  At  the  conclusion  of  the 
twentv-second  hour  of  the  exertion  the  urine  was  again  negative  for  sugar. 
The  presence  of  the  sugar  was  used  as  a  criterion  of  unusual  exertion.  The 
cat  was  exercised  for  a  total  of  ninety  hours,  and  then  exsanguinated.  The 
tissues  were  prepared  and  extracted  as  usual.  Table  V  summarizes  the  injec- 
tion tests  of  the  resulting  extracts. 


Table  V 
Toxicity  of  Extracts  from  Tissues  of  a  Strongly  Fatigued  Cat 


GUINEA  pig 

c.c. 

RESULT 

TISSUE 

no. 

WT. 

INJECTED' 

Intestine 

1 

195  gm. 

4 

r 

2 

190 

2 

Moderate  shock 

Spleen 

3 

160 

4 

Light  shock 

Lung 

4 

185 

4 

Violent  shock 

Heart 

5 

160 

4 

Moderate  shock 

Stomach 

6 

190 

4 

3' 

7 

160 

3 

3' 

Muscle 

8 

195 

1 

Nil 

9 

250 

2 

Light  shock 

10 

235 

3 

Moderate  shock 

11 

250 

4 

Moderate  shock 

12 

215 

6 

Violent   shock 

Liver 

13 

185 

3 

Light  shock 

14 

205 

.'5 

Violent  shock 

Brain 

15 

220 

4 

7' 

Kidney 

16 

225 

4 

Xil 

We  have  not  as  yet  attempted  to  set  up  any  standard  of  toxicity  to  which 
an  extract  might  be  compared.  Therefore  anything  in  the  nature  of  an  exact 
measure  of  toxicity  is  impossible.  However,  a  consideration  of  the  extracts 
whose  toxicity  is  shown  in  Table  V  shows  that  their  relative  toxicity  is  rather 
less  than  the  general  average.  This  is  especially  true  for  the  extract  from 
muscle.     More  will  be  said  about  the  interpretation  of  this  data  later. 
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liflcrt  of  / iuiiiiliiiii.  In  contiiui.'ilioii  r)|'  tlu'  attciii|)l  to  nirxlify  llu-  propcr- 
tii's  (it  ail  extract  I)\  aiitciiiinuiii  licalii:cnt  ol'  tlu-  animal  it  was  dcciflcd  to  tr\ 
inanition.  Two  larj^u-,  wi'll  l\-(i  cal^  were  >>u]i|»liccl  only  with  water.  At  the 
end  of  one  week  one  cat  was  riino\e(l  and  it>  tissues  examined. 


Taiu.i-.  \'I 

ToxiciTv  Ol-   ICxTKACTs  i-Ko.M   TissuKs  Ol"  Cat  Til  AT  Had  I'.kkn  WiTiioc'r  Imjou  for 

Skvkn  Days 


TIESeE 


Stomach 


Muscle 


Spleen 
Heart 

Kidney 

Lung 


Brciin 
Liver 
[ntcstinc 


GUINEA  FIG 

c.c. 

NO. 

WT. 
190  gm. 

INJECTED 

KESULT 

1 

3 

3' 

2 

185 

1 

Violent  shock 

3 

180 

2 

5' 

4 

250 

1 

Moderate  shock 

5 

170 

3 

N'ear  death 

6 

255 

4 

2' 

7 

180 

3 

Near  death 

8 

185 

3.5 

N'ear  desth 

9 

165 

4 

Violent  shock 

10 

280 

4 

Violent  shock 

11 

185 

4.5 

V'iolent  shock 

12 

270 

5      . 

\'iolent  shock 

13 

280 

4 

J/ 

14 

200 

3 

3' 

15 

185 

2 

2' 

16 

180 

4 

X'iolent  shock 

17 

190 

5 

4'  (clot  in  heart) 

18 

250 

5 

Li^ht  shock 

19 

170 

6 

5'' 

20 

100 

5 

2' 

21 

195 

3 

3' 

22 

170 

2 

3' 

23 

175 

1 

3' 

24 

170 

0.5 

Moderate  shock 

25 

2C0 

1 

\rodprate  shock 

The  second  cat  was  continued  in  a  state  of  inanition  for  a  total  of  twenty- 
four  days.  In  the  course  of  removing  the  tissues  it  was  observed  that  there 
was  still  some  fat  left  under  the  skin  and  about  the  viscera.  Due  to  an  error 
in  the  manipulation  the  final  extract  of  these  tissues  was  made  up  so  that  each 
cubic  centimeter  represented  but  one  gram  of  tissue  instead  of  the  ustial  two 
grams.  If  this  ]wint  be  kept  in  mind  when  considering  the  data  below  it  will 
be  seen  that  inanition  has  had  no  apjiarent  effect  on  the  amount  of  toxic  mate- 
rial that  ma}'  be  extracted  from  the  tissues  of  a  cat. 

Second  Extraction  of  llssuc. — The  residual  tissue  from  the  cat  which  had 
been  without  food  for  one  week  was  subjected  to  a  second  extraction  with 
alcohol.  In  order  to  increase  the  possibility  of  this  extract  resulting  in  a  toxic 
product  the  tissue  residues  were  placed  in  a  mortar  and  well  ground  with  clean 
sand  before  being  placed  under  the  alcohol  for  the  second  time.  When  the 
alcoholic  extract  was  evaporated  the  small  quantity  of  the  residue  was  especially 
noticeable.  In  order  to  compensate  for  the  evident  lessened  amount  of  material 
that  had  been  extracted  by  the  alcohol,  the  volume  of  the  physiologic  salt  solu- 
tion that  was  added  was  reduced  so  that  each  c.c.  of  the  final  extract  repre- 
sented 4  "■.   of  the  oriirinal   tissue. 
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Table  VII 

Toxicity  oe  Extracts  from  Tissues  of  Cat  That  Had  Been  Without  Food  for 

Twenty-four  Days 


guinea  pig 

c.c. 

tissue 

result 

NO. 

WT. 

INJECTED 

Stomach 

1 

250  gm. 

4 

Light  shock 

2 

210 

6 

1  hr.  4'  (clot  in  heart) 

3 

200 

5 

4'  (clot  in  heart) 

Heart 

4 

220 

5 

Violent   shock 

5 

235 

3.5 

Moderate  shock 

Eve 

6 

210 

4 

Nil 

Lung 

7 

245 

5 

Moderate  shock 

8 

285 

7 

Moderate  shock 

Kidnej^ 

9 

235 

6 

Moderate  shock 

Spleen 

10 

225 

6 

Violent  shock 

Brain 

11 

220 

5 

Violent  shock 

12 

215 

7 

5' 

Intestine 

13 

215 

5 

4' 

14 

215 

4 

4' 

15 

240 

3 

8' 

16 

210 

2 

Violent  shock 

Liver 

17 

225 

4 

Lieht  shock 

18 

210 

6 

Violent  fhock 

19 

240 

7 

Violent  sh.ock 

Aluscle 

20 

270 

6 

Violent  shock 

21 

305 

8 

Violent  shock 

Table  VIII 
Toxicity  of   Extract  Prepared  by   Second   Extraction  of  Tis'sue 


GUINEA  PIG 

c.c. 

injected 

TISSUE 

NO. 

WT. 

Muscle 

Lung 

Kidney 

Intestine 

Stomach 

1 

2 
3 

4 
5 

185  gm. 

195 

155 

200 

180 

4.5 

4.5 
4 

2.5 
2.5 

Violent  shock 
Light  shock 
Violent  shock 
Light  shock 
Moderate  shock 

Uxtraction  by  Ether. — Instead  of  adding  2  c.c.  of  alcohol  for  each  gram 
of  moist  tissue,  ether  was  substituted  in  the  same  proportion.  The  further  steps 
in  the  process  were  not  altered  from  the  general  method  outlined  earlier.  The 
tissue  was  left  in  the  ether  for  one  week.  Upon  evaporation  of  the  ethereal 
extract  the  minute  amount  of  residue  foretold  the  probable  outcome  of  the 
injection  tests  just  as  it  had  in  the  previous  experiment  dealing  with  a  second 
extraction  of  tissue  by  alcohol. 

It  is  evident  that  the  toxic  agent  that  is  removable  from  tissue  by  alco- 
hol is  not  extracted  by  ether  under  the  same  conditions.  This  fact  coupled 
with  a  consideration  of  the  ability  of  dilute  alcohol  to  remove  phosphatides  from 
tissue  marks  the  beginning  of  a  line  of  experimentation  that  finally  led  to  the 
conclusions  of  this  work.  A  more  detailed  discussion  of  the  line  (if  thought 
involved  will  be  reserved  for  later  consideration.  (See  Table  IX.) 

Extraction  of  Dried  Tissue. — For  this  ex])criment  it  was  decided  to  use 
only  rabbit  muscle.     The  extracts  from  muscle  tissue  were  about  as  free  from 
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Tahi.i;  IX 

ToxuiTY  oi"  Extract  Phki-arkd  hv  Si'HSTrriTioN  of  Etiikk  fok  Alcohol  i.v 
Primary  Extraction 


GUINEA  PIC 

c.c. 

T  I S  S  V  V. 

RESULT 

NO. 

WT. 

INJECTED 

Intestine 

1 

230  gm. 

5 

Nil 

2 

210 

9 

Nil 

Liver 

3 

190 

5 

Nil 

4 

210 

9 

Nil 

^^uscIe 

5 

245 

9 

Nil 

Lung 

6 

195 

9 

Nil 

Heart    . 

7 

195 

7  (all) 

Light 

shock 

Kidnev 

8 

210 

9 

Nil 

l^rain 

9 

200 

9 

Nil 

technical  difficulties  as  any,  and  muscle  tissue  could  be  obtained  in  greater 
quantity  more  readily  than  others.  Moreover,  we  were  becoming  more  thor- 
oughly convinced  that  a  result  arrived  at  by  the  use  of  any  one  tissue  could  be 
essentially  dujilicated  with  any  other.  Rabbit  muscle  was  ground  finely  and 
dried  (jii  the  steam  bath.  By  alternate  grinding  in  a  mortar  and  drying  it  was 
reduced  to  a  very  fine  powder  of  uniform  consistency.  This  dried  muscle  was 
then  subjected  to  treatment  with  alcohol  for  five  days.  The  quantities  of  alco- 
hol and  of  water  used  in  making  up  the  final  extract  were  based  upon  the 
weight  of  the  moist  tissue,  and  were  not  modified  from  the  usual  quantities 
employed. 

Table  X 
Toxicity  of  Alcoholic  Extract  of  Dried  Rabbit  Muscle 


GUINEA   PIG 

c.c.  injected 

result 

NO. 

WT. 

1 

2 
3 
4 
5 
6 
7 

230  gm. 

270 

280 

275 

240 

275 

250 

3 
4 
6 
10 
8 
7 
6 

Nil 

Nil 

Nil 

2' 

2' 

2' 

Nil 

The  striking  thing  about  this  data  is  the  sharp  break  in  the  toxicity.  It 
is  noticed  that  any  quantity  above  six  cubic  centimeters  is  fatal,  whereas  all 
doses  below  that  amount  are  without  effect.  This  is  dift'erent  from  the  graded 
effects  that  are  usually  shown  by  the  injection  of  sublethal  doses  of  extracts. 

A  portion  of  this  extract  was  evaporated  to  dryness  and  the  concentration 
of  the  solids  determined.  It  was  found  to  be  **.4  mg.  per  c.c.  This  is  equiva- 
lent to  but  .4  of  one  per  cent  of  the  original  tissue,  and  is  less  than  any  other 
like  determination  so  far  made.  We  will  in  this  connection  give  another  method 
for  the  concentralion  of  solids  that  will  soon  be  the  subject  of  fuller  discussion. 
The  residue  left  in  the  crucible  in  which  the  extract  was  evaporated  for  the 
determination  of  the  total  solids  was  ignited  to  a  white  ash  and  its  weight 
determined.  It  was  found  to  represent  .6  mg.  per  c.c.  of  the  extract,  or  .03 
of  one  i^er  cent  of  the  original  tissue. 
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Inonjatiic  Material  in  Tissue  lixtracls. — \\'c  have  alreruh-  i^iven  some  typ- 
ical figures  concernini^-  the  total  solids  that  are  held  in  solution  in  the  extracts 
of  \arious  tissues.  \\'hile  engaged  on  that  ]ioint  the  possibilitA-  of  the  i)resence 
in  the  extracted  material  of  a  portion  at  least  of  the  inorganic  constituents  of 
tissues  was  realized.  It  was  hut  a  sim])lc  matter  to  ignite  the  residue  left  upon 
evajioration  of  a  measured  ])()rtion  of  the  extracts  and  note  the  ash  left  in  the 
crucible.  Strong  heat  was  recjuired  to  eliminate  all  carbon  from  the  ash.  It 
was  found  by  several  trials  that  ignition  of  the  residue  from  25-50  c.c.  of  vari- 
ous extracts  left  an  appreciable  ash  in  the  crucil)le.  In  the  course  of  some  fur- 
ther work  we  will  give  more  exact  expression  to  the  ([uantit^■  of  the  ash. 

Sj^eculation  as  to  the  chemical  constituency  of  such  an  ash  was  hardlv 
necessary.  In  the  first  place  it  is  evident  that  nothing  could  be  present  that 
had  not  been  derived  from  the  tissues.  Rv  reference  to  Konig's  analytical  work 
it  was  j)ossible  to  note  what  the  theoretical  composition  should  be  for  all  the 
tissues  under  examination.  A  part  of  the  chlorides  probably  would  be  volatil- 
ized by  the  temperature  of  ignition,  which  at  the  same  time  would  convert  the 
principal  element  phosphorus  to  a  pyrophosphate  salt  ^\•ith  the  potassium,  cal- 
cium, magnesium  and  other  basic  elements  present.  The  ash  was  slowly  and 
nearly  totally  soluble  in  water,  the  resulting  solution  being  alkaline  to  litmus. 
The  slight  insoluble  portion  was  at  one  time  filtered  from  a  solution  of  an  ash 
and  the  volume  brought  back  to  exactly  that  of  the  original  extract.  A  small 
dose  of  this  solution  was  then  injec-ted  into  a  guinea  pig  intravenously.  A 
typical  anaphylactic  shock  and  death  ensued.  The  ash  in  this  instance  had 
been  derived  from  an  extract  of  cat  muscle.  The  amount  of  material  in  solu- 
tion of  the  ash  was  found  to  be  ecjuivalent  to  8.1  mg.  per  c.c.  To  state  the 
same  thing  in  another  form,  that  is,  in  terms  of  tissue,  since  one  c.c.  of  the 
ash  solution  was  equivalent  to  2  g.  of  the  tissue,  the  inorganic  ash  was  equiva- 
lent to  4.05  mg.  per  gram  of  tissue.  Injection  of  2.5  c.c.  of  this  solution  was 
fatal  in  two  minutes.  In  the  following  tabulation  the  toxicity  of  the  ash  solu- 
tions derived  from  the  tissues  is  given  in  comparison  to  the  toxicity  of  the  orig- 
inal extract.  All  the  extracts  were  of  uniform  tissue  value;  each  c.c.  repre- 
sented 2  g.  of  tissue.  There  was  some  variation  in  the  concentration  of  the  ash 
solutions  derived  from  the  extract  residues.  The  tissue  value  of  the  ash  solu- 
tion of  the  cat  muscle  and  of  both  the  rabbit  muscles  was  the  same  as  the  ex- 
tract, 2  g.  of  tissue  per  c.c.  The  tissue  value  of  the  remaining  four  ash 
solutions  was   four  grams  per  c.c.  or  just  twice  that  of  the  others. 

Consideration  of  the  data  in  Table  XI  shows  that  the  inorganic  constitu- 
ents of  tissue  extracts  when  reduced  to  an  ash  by  strong  ignition  and  then  in- 
jected in  water  solution  have  a  toxicity  equal  to  in  most  cases  and  greater  in 
some  than  the  original  extract.  It  is  realized  that  the  toxic  agent  of  an  ash 
solution  can  not  be  identical  with  that  of  the  extract.  There  is  one  striking  fea- 
ture noted  above  that  undoubtedly  corroborates  this  point.  It  ^\■ill  be  observed 
that  autopsy  shows  that  the  lungs  of  all  animals  dying  from  an  injection  of  ash 
solution  are  collapsed.  This  condition  is  directly  opposed  to  the  distended 
lungs    found   after   death    from    the    original    extract.      The    contrast    was    verv 
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Tahi.k  XI 

SiiowiNC.  Toxurrv  (n-  Ash   Soi.ctions  and  Com  pari  nc;  Tiiiih  Toxn  |•r^■  wrrir   that  np 

Orkjixai,  Extract 


ASH    SOI.ITIOX 

ANIMAL   AND 

M.I..n.    OF   ORICI- 

TISSUE 

XAI,   KXTRACT 

Gfl.VEA  PIC 

c.c. 

RESULT 

NO. 

WT. 

I.NJECTED 

Cat  muscle 

4  c.c. 

1 

200  gm. 

2.6 

Lij^ht  shock 

2 

180 

2.3 

2'   lungs   collapsed 

SIk'ci)  muscle 

2 

3 

150 

1 

4'   lungs   collapse^! 

4 

175 

1 

.\'ear  death 

5 

155 

1 

X'iolent  shock 

6 

180 

1.25 

3'   lung  collapsed 

Veal  muscle 

2.5 

7 

160 

1.5 

2'    lungs   collapsed 

8 

210 

1.5 

5'   lungs  collapsed 

9 

200 

2 

2'   lungs  collapsed 

10 

185 

1 

Xil 

11 

190 

1.5 

Moderate  shock 

Beef  muscle 

2 

12 

170 

2 

2'   lungs  collapsed 

13 

165 

1 

r    lungs   collapsed 

Hog   muscle 

2.5 

14 

200 

1.5 

5'    lungs   collapsed 

15 

180 

1 

Xil 

16 

200 

1.5 

Violent  shock 

« 

17 

180 

1.5 

2'   lungs   collapsed 

Rabbit  muscle  A 

3 

18 

260 

3 

Violent  shock 

19 

230 

4 

2'   lungs  collapsed 

Rabbit  muscle  B 

3 

20 

260 

3 

2'   lungs   collapsed 

21 

215 

2 

2'    lungs   collapsed 

22 

225 

1.5 

Violent  shock 

marked.  The  distention  on  the  one  hand  seemed  to  be  nearly  always  maximum, 
while  the  collapse  was  apparently  to  the  minimum.  Xo  other  differences  were 
observed  upon  autopsy  of  the  animals  killed  by  the  ash  solution. 

The  toxicity  of  the  ash  solutions  turned  our  attention  to  the  inorganic  ele- 
ments of  the  extracts.  It  was  beyond  reason  to  believe  that  the  toxic  agents  of 
the  extracts  and  of  the  ash  solutions  were  the  same.  However,  there  is  another 
possibility  that  could  not  be  so  easily  disposed  of.  The  exact  condition  of  the 
inorganic  material  in  living  tissue  is  as  yet  uncertain.  The  probabilities  are 
that  most  of  it  is  in  some  sort  of  combination  with  the  organic  or  nitrogenous 
portion  of  the  tissues.  Tests  for  acid  radicals  in  the  extracts  were  weakly  in- 
dicative of  their  presence.  The  nature  of  the  extracts  made  the  interpretation 
of  such  tests  precarious.  So  it  must  remain  as  doubtful  whether  the  inorganic 
material  of  the  extracts,  acting  as  such,  had  any  part  in  the  original  toxicity. 
This  possibility  is  the  subject  of  an  experiment  that  will  be  reported  later. 
However,  it  is  not  outside  the  realm  of  possibilities  that  the  inorganic  constit- 
uents in  whatever  combination  they  might  have  been,  in  the  extracts,  were  the 
cause  of  their  toxicity.    This  latter  idea  was  therefore  tested  out  experimentally. 

Comparison  of  Alcoholic  and  Water  Extracts. — It  will  be  recalled  that 
this  study  was  evolved  out  of  an  attempt  to  recover  A'aughan's  poisonous  pro- 
tein cleavage  product  from  the  tissues  of  a  cat  that  had  been  dosed  enterally 
with  the  poison.  Alcohol  was  employed  as  the  extracting  medium  for  two  rea- 
sons. The  first  was  the  belief  that  the  protein  coagulating  power  of  the  alco- 
hol would  tend  to  eliminate  much  of  the  extractives  of  tissue.  Secondly,  the 
poison    in    question    is   more   soluble    in    alcohol    of    any    concentration    than    in 
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water.  Tt  was  therefore  expected  that  the  differential  action  of  the  alcohol 
would  fa\()r  its  recovery  from  the  tissue  if  it  was  present.  The  fact  that  when 
the  absolute  alcohol  was  added  to  the  moist  tissue  it  was  no  longer  al)SO- 
lute  was  appreciated.  Using  the  commonly  accepted  figures  for  the  propor- 
tion of  water  in  tissues  and  assuming  an  intimate  intermingling  of  the  water 
with  the  added  alcohol  it  became  about  seventy-three  per  cent  alcohol.  This 
dilute  alcohol  was  evidently  extracting  from  the  tissues  a  considerable  portion 
of  the  inorganic  part  in  whatever  form  it  may  be  in  the  tissue.  It  was  as- 
sumed that  the  inorganic  material  might  be  more  soluble  in  water  than  in  dilute 
alcohol.  If  this  assumption  should  prove  correct  and  the  inorganic  materials 
were  in  any  manner  concerned  with  the  toxicity  of  the  extracts,  it  would  re- 
sult in  a  more  toxic  extract.  Hence  it  was  decided  to  use  water  as  the  primary 
extracting  fluid  in  place  of  the  alcohol.  Rabbit  muscle  was  the  tissue  first 
subjected  to  such  extraction.  It  was  thought  proper  to  make  the  first  extrac- 
tion parallel  a  portion  of  the  same  tissue  by  the  alcoholic  method.  Then  a  com- 
parison of  the  essential  characteristics  of  the  resulting  extracts  could  be  made. 
Therefore  a  rabbit  was  stripped  of  its  muscles  and  they  were  ground  as  usual. 
The  tissue  was  then  divided  into  two  equal  parts  and  one  was  placed  under  alco- 
hol, the  other  under  water  in  the  same  proportion,  2  c.c.  per  gram  of  tissue.  To 
the  water  extract  formol  was  added  to  three  per  cent  to  restrain  bacterial  ac- 
tion. The  final  extracts  are  designated  below  as  "alcohol"  and  "water."  It  is 
understood  that  the  treatment  of  the  residues  left  from  the  evaporation  of  the 
extracting  licjuids  was  identical  for  both  and  was  no  different  from  the  usual 
method. 

Table  XII 
Comparison  of  Extracts  Made  from  Rabbit  Muscle  by  Alcoholic  and  Water  Extractions 


ALCOHOL 

WATER 

guinea  pig 

c.c.  in- 

guinea pig 

c.c.  in- 
jected 

NO. 

wt. 

jected 

KLbLl^l 

NO. 

WT. 

Toxicity  of 
extracts 

1 

2 

240 

255 

3 
2 

2' 

Light 

shock 

1 

2 
3 

4 

220 
215 
225 
225 

3 

2 
2 

1 

2' 
2' 
3' 

Light 
shock 

Toxicity  of 
ash  solution* 

1 

2 
3 

260 
215 

225 

3 
2 
1.5 

2' 

2' 

Light 

shock 

1 
2 

200 
210 

2 

1.5 

2'** 

3' 

Concentration 
of  solids 

Total  soHds  33.4  mg./c.c. 
or  1.67%  of  tissue 
Ash  6.32  mg./c.c. 
Or  .32%  of  tissue 

Total  solids  36.0  mg./c.c. 
Or  1.80%)  of  tissue 
Ash  9.5  mg./c.c. 
Or  .48%  of  tissue 

^Volume  of  afh  solution  equivalent  to  extract  from  which  derived. 
'**I,ungs   of  all   animals   dying  from    ash   solution   were  collapsed. 


Certain  aspects  of  the  above  data  are  worthy  of  some  consideration.  It 
is  evident  that  the  water  extraction  has  removed  more  solids  from  the  tissue 
than  the  alcohol.  The  increase  is  7.8  per  cent.  This  is  not  a  marked  increase. 
However,  the  ash  determination  tells  the  real  difference  in  the  extracts.  The 
increased  quantity  of  inorganic  material  in  the  extract  made  with  water  is  ex- 
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TAiii.r.  XIII 
SiiDvviNc.  lluvv  Tuxicnv  ui'  Kxtkacts  Can  Be  Concentkatki'  hy  I'nyxzist:. 


SOURCE 

M.I,.D. 

NO.    OF 

GUINEA  PIG 

LAYER  AND 

ORIC.IXAI, 
EXTRACT 

EREEZINCS 

C.C.   IN- 
JECTED 

RESULT 

AN  I  MAI, 

TISSUE 

NO. 

WT. 

Cat 

Muscle 

4  C.C. 

1 

1 

190 

2  top 

Nil 

2 

220 

4    " 

Light  shock 

3 

210 

2  lower 

2' 

4 

225 

1       " 

2' 

5 

220 

0.5    " 

Light  shock 

5 

6 

220 

4  top 

Xil 

7 

185 

0.5  lower 

Xear  death 

8 

210 

1       " 

r  30" 

Cat 

Liver 

5 

(violent 

shock  onI_\) 

4 

9 

265 

4  top 

Xil 

10 

230 

2  lower 

5' 

11 

220 

1.5    " 

Xear  death 

12 

205 

1       " 

Xear  death 

Cat 

Intestine 

5 

4 

13 

210 

4.5  top 

\'iolent  sho-k 

14 

170 

1  lower 

r 

15 

180 

1       " 

4' 

Rabliit 

Muscle 

3 

5 

16 

210 

4  top 

Xil 

17 

200 

1   lower 

2' 

18 

160 

0.5    " 

3' 

Rabbit 

Liver 

4.5 

5 

19 

205 

4  top 

Xil 

20 

170 

1  lower 

Xear   death 

Rabbit 

Intestine 

4.5 
(moderate 
shock  only) 

5 

21 

165 

2.5  top 

Xil 

22 

155 

1.5  lower 

\'iolent  shock 

Dog 

Muscle 

4 

1 

23 

210 

4  top 

7' 

24 

220 

1  lower 

Violent  shock 

25 

160 

2      " 

r  (clot) 

Guinea   pig 

Muscle 

4 

3 

26 

185 

4.5  top 

\;ii 

27 

210 

2  lower 

Xear  death 

28 

180 

2.5    " 

?' 

Guinea   pig 

Liver 

4.5 

(near 

death) 

3 

29 

190 

4.5  top 

Xil 

30 

185 

2  lower 

\'iolent  shock 

31 

180 

3       " 

X'ear  death 

32 

220 

4      " 

3' 

Sheep 

Muscle 

2 

3 

33 

175 

4  top 

7' 

34 

185 

0.5  lower 

\"iolent  shock 

35 

185 

1 

X'ear  death 

Vea! 

Muscle 

2.5 

4 

36 

190 

4  top 

Xil 

37 

260 

1  lower 

3' 

38 

185 

0.75  " 

Xear  death 

Hog 

Muscle 

2.5 

4 

39 

250 

4  top 

Xil 

40 

210 

1  lower 

3' 

41 

155 

0.5    " 

X'iolent  shock 

Beef 

Muscle 

2 

3 

42 

240 

4.5  top 

3' 

43 

240 

2.5    " 

Xil 

44 

225 

1  lower 

2' 

45 

220 

0.5    " 

X'ear  death 

Rabbit 

Muscle 

3 

2 

4<) 

215 

3  top 

Moderate  shock 

47 

245 

1  lower 

3' 

48 

250 

0.75  " 

Moderate  shock 

5 

49 

185 

6  top 

\'iolent  shock 

50 

245 

8    " 

3' 

51 

195 

1  lower 

2' 

52 

215 

0.5    " 

2' 

53 

200 

0.5    " 

1' 

54 

190 

0.25  " 

Xear  death 

55 

230 

0.5    " 

X'ear  death 
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iiclly  50  i)cr  cent  more  than  that  in  the  reijular  alcoholic  extract.  It  is  also 
observed  that  tlie  water  extract  has  a  hii^her  toxicity  than  the  alcoholic,  which 
is  true  as  well  of  their  respective  ash  solutions. 

Eifcct  of  Frccc'unj. — A  mixture  of  salt  and  tinely  cracked  ice  was  prepared. 
Portions  of  extracts  in  large  test  tubes  were  plunged  into  such  a  freezing  mix- 
ture and  allowed  to  remain  until  frozen  solidly.  The  tubes  were  withdrawn 
and  tlieir  contents  slowly  thawed  by  standing  at  room  temperature.  The  first 
time  that  this  was  done  it  was  observed  that  the  color  of  the  extract  was 
slightly  deeper  in  the  bottom  of  the  extract  and  correspondingly  faded  out  in 
the  upper  portion.  The  intermediate  area  was  a  transition  zone  between  the 
conditions  at  the  opposite  ends.  A  slight  coagulum  occupied  a  position  just 
above  the  lower,  more  deeply  colored  portion.  By  means  of  a  bulb  pipette  with 
a  fine  bore  stem  it  was  possible  to  withdraw  some  of  the  bottom  part  without 
disturbing  the  ujiper  layers  of  the  tube.  Withdrawal  of  the  top  portion  was  of 
course  readilv  accomplished.  A  comparison  of  the  toxicities  of  the  top  and 
bottom  portions  showed  an  increased  toxicity  of  the  lower  more  deeply  colored 
layer  and  a  decreased  toxic  effect  of  the  top  less  deeply  colored  part.  A  sec- 
ond freezing  and  thawing  augmented  the  separation  into  layers  that  had  been 
initiated  bv  the  first  freezing  and  made  a  sharper  line  of  demarcation  between 
the  bottom  laAer  and  the  coagulum  inmiediately  above  it.  The  bottom  layer 
after  the  second  freezing  occupied  about  one-fourth  to  one-sixth  of  the  total 
depth  of  the  fluid  in  the  tubes.  Repeated  freezing  and  thawing  continued  the 
layering  process  until  the  upper  one-third  to  one-half  of  the  fluid  was  nearly 
water  white.  The  most  of  the  color  was  concentrated  in  the  bottom  layer. 
The  transition  zone  became  lessened  in  extent  necessarily.  It  was  no  longer 
a  true  transition  zone  excepting  upwards.  The  break  between  the  lower  part 
and  the  coagulum  area  was  sharp.  This  maximum  eiTect  could  be  obtained  by 
five  or  six  freezings  and  thawings.  A  larger  number  did  not  carry  the  effect 
any  farther.  In  fact  it  could  not  be  carried  to  a  better  separation  on  account  of 
the  diffusion  that  went  on  simultaneously  with  the  thawing  of  the  ice. 

All  the  extracts  in  Table  XIII  were  prepared  by  the  use  of  alcohol  as  the 
primary  extracting  fluid.  The  last  tissue  in  Table  XIII  is  the  extract  of  rabbit 
muscle  prepared  alongside  the  extraction  of  another  portion  of  the  same  muscle 
by  water.  The  data  concerning  this  extract  were  given  in  Table  XII.  The  freez- 
ing process  was  applied  to  the  water  extract,  it  being  repeated  four  times.  The 
separation  into  an  upper  watery  layer  and  a  lower  colored  layer  was  remark- 
ably complete  and  sharp.  Further,  there  was  no  coagulum  anywhere  in  the 
tube.     The  injection  tests  gave  the  results  as  shown  in  Table  XIV. 

Table  XIV 
Result  of  Freezing  an  Extract  of  Karbit  Muscle  Prepared  by  Use  of  Water  Only 


GUINEA   PIG 

LAYER    AND   C.C.    INJECTED 

RESULT 

NO. 

WT. 

1 
2 
3 

4 

5 

240 
270 
230 

225 
200 

4  top 
6    " 
1  lower 
O.S    " 
0.25  " 

Nil 

Nil 

2' 

3' 

2' 
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T'oitions  of  the  to])  and   lower  layers  of  thi.s  extract  were  subjected  to  a 
^k'tcniiiiialioii  of  ilicii-  ^oli(l^  and  ash  1)\-  the  nsual  methods  of  evaporation  and 

iij^nilion.     The  iCNuhiiiL;'  \ahics  wci'c    found   1o  he: 


TOP   LAYER 


BOTTOM    I.AYKR 


Total  solids 
.^sh 


3.5  mg./c.c. 
0.9  m?./c.c. 


180.4  mg./c.c. 
46.7  mg./c.c. 


Tlie  ash  resulting,'  from  the  treatnienl  of  tlie  bottom  portion  was  taken  up 
in  water  and  the  insoluble  part  tiltcrecj  out.  The  volume  was  adjusted  to  twice 
that  of  the  e.xtract  represented,  so  that  each  c.c.  was  equivalent  to  one  gram  of 
tis-sue.  Injection  of  0.5  c.c.  of  this  ash  solution  was  fatal  to  a  200  g.  guinea  pig 
in  two  minutes.  Tlie  lungs  were  collapsed.  It  miglit  be  of  some  interest  to 
give  the  figures  showing  how  the  solids  in  solution  were  concentrated  in  the 
lower  layer  for  one  more  extract.  The  extract  in  question  is  the  last  one  in 
'ral)le  XIII,  made  from  rabl)it  muscle. 


Tablk  XV 
Showi.xg  thk  Effect  of  Freezing  on  the  Distributio.n  of  Soi.ids  ix  Rabbit  Mcscle  Extract 


Homogeneous  extract 
Lower  layer  after  two  freezings 
Lower  layer  after  five  freezings 
Top  layer  after  five  freezings 


TOTAL   SOLIDS 

ASH 

30.67  mg./c.c. 

5.64  mg./c.c. 

73.84    "      " 

14.4      "      •• 

118.6      "      " 

26.6      "      " 

7.35     "      " 

1.35     "       " 

The  figures  for  the  solids  and  ash  after  the  five  freezings  would  undoubt- 
edly have  been  much  greater  had  not  the  withdrawals  of  a  small  portion  of  both 
top  and  bottom  layers  been  made  for  injection  and  determination  of  solids  and 
ash  after  the  second  freezing.  However,  the  trend  of  the  solids  to  move  to  the 
bottom  is  w'ell  shown  by  the  figures  as  they  stand. 

Effect  of  Dialysis. — If  there  should  be  two  toxic  substances  in  the  extracts 
it  was  thought  they  might  possibl\-  be  separated  by  dialysis.  An  extract  of  rab- 
bit muscle  was  prepared,  using  alcohol  as  the  extracting  liquid.  The  final  ex- 
tract was  made  up  with  distilled  water.  Parenthetically,  we  may  remark  that 
this  extract  demonstrates  that  nothing  is  gained  by  a  long  continuation  of  the 
primary  extraction  jieriod.  In  this  case  the  tissues  were  left  under  the  alcohol 
four  weeks,  yet  the  toxicity  was  no  greater  than  if  left  for  Init  two  days  as 
Avas  done  irLsome  instances.  Three  c.c.  killed  in  two  minutes ;  2  c.c.  resulting  in  a 
violent  shock  only. 

Collodion  sacs  were  prepared  b\-  the  Xo\y  method  and  mounted  on  cut  ofiF 
test  tubes  of  approjiriate  size.  In  each  case  the  sacs  were  tested  for  leaks  be- 
fore using.  They  were  then  filled  w  ith  the  extract  to  the  glass  line.  This  point 
furnished  a  convenient  mark  from  which  to  note  and.  if  desired,  to  measure  the 
€ndosmosis.  The  amount  of  endosmosis  could  be  accurately  determined  by  dif- 
ference between  the  volume  of  the  extract  placed  in  the  dialyzer  and  the  volume 
of   water   rcquiretl   to   till   the   sac   to   the   liquid   line   at    the   conclusion   of   the 
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dialysis.  I'or  tlio  first  dialysis  40  c.c.  of  extract  was  used,  and  was  continued 
for  24  hours  at  room  temjierature  against  distilled  water  running  so  that  one 
could  count  the  drops  as  they  Icll  Iroin  (he  o\c'rllow.  Endosmosis  was  5  c.c. 
The  increase  is  ignored  in  all  Nolumes  and  figures  for  concentration  of  solids. 
The  toxicity  of  the  dialyzed  extract  was  the  first  point  to  claim  attention. 


Tahi.i-  XVI 
Toxicity  of  Dialyzed  Extract  of  Rabbit  Musclk 


GUINKA    PIG 

c.c.   IXJKCTKI) 

RKSI'LT 

NO. 

WT. 

1 

2 
3 
4 

195 
190 
200 
190 

3 
5 
8 
6 

Nil 

Alodcrate  shock 

3' 

Light  shock 

As  the  M.L.D.  of  the  undialyzed  extract  was  3  c.c.  it  is  evident  that  the 
toxicity  has  materially  decreased.  In  looking  for  an  explanation  of  this,  the 
fate  of  the  solids  in  solution  was  determined.  Measured  portions  of  the  dia- 
lyzed and  undialyzed  extracts  were  subjected  to  the  usual  process  of  evapora- 
tion and  ignition. 

Table  XVII 
Effect  of  Dialysis  on  Concentration  of  Solids 


total  solids 

ash 

Undialyzed  extract 
Dialyzed  extract 

30.67  mg./c.c. 
5.8      "      " 

5.64  ms./c.c. 
0.4      "      " 

The  results  of  this  experiment  pointed  clearly  to  a  close  relationship  be- 
tween the  toxicity  of  an  extract  and  the  solids  held  in  solution.  The  fact  that 
the  material  in  solution  did  in  large  part  dialyze  out  so  readily  settled  its  status 
in  the  extract.  It  was  at  one  time  thought  that  the  solids  might  be  in  a  col- 
loidal solution,  or  possibly  in  a  larger  suspension  or  emulsion.  Inability  to 
remove  any  appreciable  amount  of  material  by  high  speed  centrifugation,  ac- 
companied by  an  unaltered  toxicity,  made  the  notion  of  a  suspension  or  emul- 
sion no  longer  tenable.  The  only  conclusion  left,  that  of  a  true  solution,  is 
made  much  more  plausible  by  the  results  of  dialysis. 

However,  w^e  were  no  nearer  the  truth  concerning  the  possibility  of  two 
sub.stances  in  the  extract  than  before.  It  was  decided  to  continue  the  investi- 
gation of  this  point  by  varying  the  conditions  of  the  dialysis  or  the  permea- 
bility of  the  sacs.     The  following  protocols  give  the  details  involved: 


(a)   Rabbit    muscle    was    extracted    with    alcohol    and    made    up    witli    distilled    water. 
The  toxicity  of  the   original  homogeneous   extract  was: 


GUINEA  PIG 

c.c.  injected 

RESULT 

NO. 

WT. 

1 
2 

225 
250 

3 
2 

1'   30" 

Near  death 
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A  very  tliin  sac  was  i)ic'i)aic(l  and  a  porlioii  dialyzcd  for  ^cvcn  hours.  The  endosmosis 
was  very  marked  and  required  a  factor  of  .812  to  be  applied  to  the  final  volume  in  order 
for    it    to    I)ecoine   comparalile    to    tlie    ori^^inal    extract.      This    correction    i>    made    in    the 

voluincs  in  tlic  injcctiMii   iis;s  that  arc  here   reported   for  tlie  dialyzed  extract. 


TiLxun^    oi'    I{.\TKAc  1    Di.M.vzKi)    Si;vi..\    Hocks 


GUINKA  PIG 

C.C.    INJECTKD 

RP^ITf  T 

NO. 

WT. 

.    1 

2 
3 
4 

220 
245 
225 
265 

2.4 
3.2 
4.9 

5.7 

Xil 

Nil 

Light  shock 

Moderate  shock 

The    vahu 
found  to  be: 


tin 


a-^h 


tlie    dialvzed    and    undialvzed    extracts    were 


l^ndialyzed  extract 
Dialyzed  extract  (7  hrs.) 


TOT.\L   SOLIDS 

33.0  mg./c.c. 
9.3     "      " 


ASH 

6.34  mg./c.c. 
1.04    "      " 


Anotlier  portion  of  this  extract  was  dialyzed  for  twenty-four  hours  in  an  ordinary 
sac.  The  endosmosis  was  slight  and  was  ignored.  .\n  injection  of  six  and  eight  cubic 
centimeters  into  two  guinea  pigs  of  200  g.  was  devoid  of  toxic  effect.  Xo  determina- 
tion of  solids  was  made  on  this  latter  portion. 

(b)  xA.nother  extract  of  rabbit  muscle  was  prepared  by  alcoholic  extraction.  Three 
C.C.  killed  a  guinea  pig  in  two  minutes.  A  dialyzing  sac  was  made  and  mounted  and  then 
permitted  to  become  air  dry  by  standing  at  room  temperature.  The  efTect  on  the  sac 
is  to  markedly  lessen  its  permeability.  The  dried  sac  was  then  filled  and  placed  in  a  bath 
at  45°  C.  for  two  hours.  Xo  endosmosis  had  taken  place  in  this  time.  Three  c.c.  were 
withdrawn  and  upon  injection  killed  the  animal  in  two  minutes.  The  dialysis  was  dis- 
continued, as  it  was  evident  that  the  sac  was  so  impermeable  that  no  results  could  be 
expected. 

(c)  Another  sac  of  moderate  thickness  was  prepared,  and  when  filled  with  the 
extract  was  placed  in  a  bath  that  was  adjusted  to  a  temperature  of  50°-55°  C.  The 
dialysis  was  continued  for  two  hours.  The  endosmosis  was  quite  marked,  amounting  to 
20  per  cent  of  the  original  volume.  This  is  ignored  in  the  injection  tests  and  figures  for 
solids  and  ash  determinations. 

Toxicity  of  Extr.\ct  Dialvzed  Two  Hours  at  50-55°  C. 


GUINEA  PIG 

C  C      INJECTED 

RESULT 

NO. 

WT. 

1 

205 

3 

Xil 

2 

280 

6 

-     5' 

3 

275 

5 

Xil 

4 

290 

6 

Xil 

The   determination   of   solids    and   ash   gave   the    following   results: 


Undialvzed  extract 
Dialyzcd  extract 


TOTAL   SOLIDS 

33.4  mg./c.c. 
4.95  '•       " 


ASH 

6.32  mg./c.c. 
Xil 


It  is  to  be  observed  that  the  figures  for  both  the  total  solids  and  the  ash 
in  the  undialvzed  extracts  reported  above  in  "a"  and  "c"  are  quite  close  to- 
gether. These  extracts  were  made  from  the  tissue  of  different  rabbits  on  sepa- 
rate occasions.  Such  agreement  as  this  is  at  least  indicative  of  a  possibility 
of  the  prejiaration  of  a  consistent  extract  by  following  closely  the  same  technic. 
As  far  as  these  dialysis  experiments  are  concerned,  it  is  apparently  impossible 
to  make  an\-  separation  of  the  constituents  of  an  extract  by  differential  dialysis. 
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Hffcct  of  Boiliii;/  li.viracts. — On  tliree  occasions  a  muscle  extract  was 
boiled  to  observe  whelher  there  was  any  alteration  of  its  toxicity.  The  first 
time  an  extract  of  cat  muscle  was  acti\ely  boiled  in  a  large  test  tube  over  an 
open  flame  for  five  minutes.  A  fine  coajjulum  was  formed  in  the  extract.  The 
boiled  extract  was  di\'ided  into  two  portions  and  one  was  filtered.  Then  in- 
jections were  made  of  both  the  filtered  and  the  unfiltered  boiled  extract.  As 
a  control,  injection  of  unboiled  extract  was  made.  No  differences  could  be 
detected  in  the  effects  of  the  three  portions. 

The  next  extract  that  was  boiled  was  also  from  cat  muscle.  It  had  a 
slight  opacity.  Boiling  one  minute  caused  this  to  disappear.  No  coagulum  was 
formed  in  this  extract.  Cockling  under  the  tap  did  not  restore  the  opaque  ap- 
pearance of  the  extract.  No  change  in  toxicity  could  be  noted.  Finally  an 
extract  of  rabbit  muscle  was  boiled  five  minutes.  A  coagulum  similar  to  that 
produced  in  the  extract  of  cat  muscle  made  its  appearance.  The  boiled  ex- 
tract was  injected  both  filtered  and  unfiltered.  No  differences  could  be  ob- 
served between  these  two  portions  and  an  unboiled  portion.  We  believe  that 
these  tests  warrant  the  assertion  that  boiling  has  no  eft"ect  on  the  toxicity  of  a 
muscle  extract. 

Filtration  of  Muscle  Extract  Through  a  Bcrkefeld. — An  extract  of  rabbit 
muscle  was  prepared  with  water  as  the  primary  medium  of  extraction.  A  por- 
tion was  then  passed  through  a  Berkefeld  "N"  filter.  As  far  as  appearances 
were  concerned  the  extract  came  through  unaltered.  Table  NVIII  shows  that 
the  toxicitv  remained  constant  also. 


Table  XVIII 
Filtering  Rabbit  Muscle  Extract  Through  a  Berkeeeld 


GUINEA   PIG 

C.C.    INJECTED 

RESULT 

NO. 

WT. 

1 

170 

1  filtered 

Nil 

2 

170 

1 

Violent  shock 

3 

160 

1.5     " 

3' 

4 

170 

1.5     " 

3' 

5 

165 

1  unfiltered 

\'iolent  shock 

6 

170 

1.5        " 

3" 

The  high  toxicit}^  of  this  extract  may  be  noted.  It  was  prepared  by  the 
use  of  water  as  the  primary  medium  of  extraction.  We  have  already  cited  the 
experimental  data  showing  the  essential  differences  between  an  alcoholic  and  a 
watery  extraction.  This  extract  substantiates  our  contentions  then  made  con- 
cerning extracts  made  with  water. 

Phosphates  and  Neutrality. — Inasmuch  as  we  wished  to  do  some  work  on 
the  inorganic  ash  it  was  decided  to  prepare  a  reasonably  large  c}uantity  of  it. 
Therefore  966  g.  of  rabbit  muscle  was  extracted  with  water  and  the  final  ex- 
tract made  up  with  distilled  water  to  483  c.c.  No  test  of  the  toxicity  was  made, 
but  it  was  all  evaporated  and  the  residue  ignited.  The  resulting  ash  was  taken 
up  in  the  same  volume  of  water  and  the  insoluble  portion  filtered  out.     This 
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ash  soliilion  w.-is  cv  ,'i|)(tr;itc(l  to  (lr\nc>>  .'iiid  tlic  residue  was  scraped  together, 
carcfullv  j^iouikI  in  a  iiHulai',  <Iiic(l  and  ucij^licd.  The  product  thus  obtained 
represented  the  water  sohiMc  iioiiion  oi'  tlie  inorj^anic  ash,  that  had  been  ex- 
tracted from  the  raMiil  inn>cle  {^i(>i)  ,nni^. )  h\'  water.  It  wa>  founrl  to  weigh 
4.54  g.  This  was  e{|uivalenl  U)  4.7  nig.  of  ash  from  each  gram  of  the  moist 
tissue.  The  concentration,  therefore,  in  the  water  solution  was  9.4  mg.  per  c.c. 
Or  the  ash  was  0.47  of  one  ])er  cent  of  the  tissue.  A  one  per  cent  solution  of 
this  ash  was  made  u]).  'I'his  solution  was  nearly  of  the  same  concentration  as 
the  original  soluticjn  of  the  a^h  when  the  whole  cjuantity  was  in  483  c.c.  of  water. 
Calculation  shows  that  solution  to  ]ia\e  been  .'H  of  one  per  cent.  The  one  per 
cent  solution  was  perfectly  clear  and  water  white.  It  was  alkaline  to  litmus  and 
phenolphthalein.  One  c.c.  injected  intravenously  into  a  guinea  pig  was  fatal  in 
four  minutes.  Twenty-five  c.c.  of  this  one  per  cent  solution  required  .25  c.c. 
of  normal  succinic  acid  to  discharge  the  pink  color  of  the  one  drop  of  phenol- 
phthalein indicator  that  had  been  added.  The  toxicit\-  of  the  neutralized  solu- 
tion was,  unaltered.  Portions  of  the  solution  were  also  carefully  neutralized 
with  acetic,  hydrochloric,  and  sulphuric  acids.  In  each  instance  the  toxicity 
remained  unchanged. 

The  application  of  (lualitative  chemical  tests  to  the  solution  of  the  ash 
showed  the  presence  of  chloride  and  sulphate  radicals  in  rather  minute  amounts. 
By  the  use  of  differential  tests  the  pyrojihosphate  radical  was  shown  to  be  pres- 
ent in  considerable  (juantity.  An  attempt  was  made  to  precipitate  out  the  pyro- 
phosphate radical  by  careful  titration  with  siher  nitrate.  Two  methods  of 
determining  the  end  point  were  employed.  ( )ne,  and  the  most  successful,  was 
to  let  the  precipitate  settle  and  then  carefully  add  another  drop  of  the  reagent, 
noting  whether  a  precipitate  formed  at  the  point  where  it  was  added.  The  other 
method  used  was  that  of  potassium  chroniate  as  an  indicator  of  free  silver  ions. 
A  drop  of  the  ash  solution  that  was  being  precipitated  by  the  silver  nitrate  was 
added  to  a  drop  of  chromate  indicator  and  the  presence  or  absence  of  silver 
chroniate  noted.  When  the  end  point  was  reached  the  solution  was  allowed  to 
stand  for  some  time  for  the  precipitate  to  settle  out.  Then  a  few  c.c.  of  the 
supernatant  liquid  was  w'ithdrawn  b}'  a  bulb  pipette.  Injection  of  this  into 
guinea  pigs  showed  that  the  toxicity  had  been  reduced  about  one-half.  That  is, 
w^here  the  M.  L.  D.  of  the  original  ash  solution  was  one  c.c,  after  precipitation 
2  c.c.  could  be  injected  and  one-half  of  the  pigs  lived.  All  animals  receiving 
injection  of  the  ]n-ecipitated  ash  solution  showed  a  shock  of  some  severity.  Not 
a  great  deal  of  reliance  can  be  placed  on  this  ex])eriment.  It  was  shown  by 
appropriate  controls  that  the  slightest  excess  of  siKer  nitrate  would  produce 
death.  In  attenqning  to  titrate  to  an  end  jioint  in  which  the  presence  of  the 
added  ion  in  an  unbound  condition  was  used  as  the  indicator  it  was  practically 
certain  that  sufficient  of  these  siher  ions  were  present  to  upset  any  rigid  inter- 
pretations of  the  injection  of  such  a  treated  ash  solution.  However,  it  is  sig- 
nificant at  least  that  when  the  pyrophosphate  was  precipitated  the  toxicity 
showed  some  decrease. 
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The  same  e\i)erinieiit  was  tried  with  haiitini  eliloride  as  a  pfecipilant,  l)Ut 
with  less  sticcess. 

Tlie  ])hos|)horous  in  the  ash  solution  was  delei-niined  by  a  standard  vol- 
umetric method.  Tt  is  not  necessary  to  give  the  details  of  the  procedure,  since 
thev  were  the  same  as  would  he  employed  by  amone  for  the  same  pur]iose  and 
are  in  any  standard  textbook  of  volumetric  analysis.  It  was  determined  that 
the  ash  contained  phosphorus,  calculated  as  phosphorus  pentoxide  to  the  extent 
of  34.83  per  cent.  Extending  the  significance  of  this  value,  it  means  that  in- 
jection of  3.48  mg.  ])hosphorus  jtentoxide,  when  in  the  form  of  pyrophosphate 
radical,  is  fatal  to  a  guinea  pig. 

Toxicity  of  Pure  Phosphate  Salts.— It  was  decided  to  test  the  very  obvi- 
ous indication  just  brought  out  concerning  the  toxicity  of  pyrophosphate  rad- 
ical by  the  use  of  jutre  salts.  For  these  tests  Kahlbaum's  salts  were  employed. 
However,  due  to  the  uncertainty  of  hydration  in  phosphate  salts,  uniform  solu- 
tions were  employed,  and  analytical  results  relied  upon  for  information  con- 
cerning the  exact  quantity  of  material  in  solution.  The  data  will  be  given  in 
form  of  protocols. 

SODIUM    OKTHO-PHOSPHATE 

A  one  per  cent  solution  was  prepared.  It  was  alkahne  to  Htmus  and  phenolphthalein. 
Injection  of  this  solution  gave  the   following  results: 


GUINEA   PIG 


WT. 


170 
190 


C.C.   INJECTED 


1 

4.5 


RESUET 


Nil 

Nil 


Twenty-five  c.c.  of  the  solution  required  .7  c.c.  of  normal  succinic  acid  to  neutralize 
to  plienolphthalein.  Injection  of  4.5  c.c.  of  the  neutralized  solution  was  still  entirely  with- 
out effect.  Volumetric  analysis  showed  phosphorus  calculated  as  phosphorus  pentoxide 
to  be  24.9  per  cent.  Therefore,  11.2  mg.  of  phosphorus  pentoxide,  when  in  the  form  of 
ortliophosphate  radical  is  without  any  effect  upon  injection  into  guinea  pigs. 


SODIUM     METAPHOSPHATE 


A   one   per  cent   solution   was   made   up.      It   was   acid   to   litmus   and   phenolphthalein. 
The  injection   tests  resulted   as   follows: 


GUINEA   PIG 

c.c.  INJECTED 

RESULT 

NO. 

WT. 

1 

2 
3 

4 
5 

180 
170 
185 
165 
185 

1 

0.5 
0.75 
0.75 
0.5 

3' 

Moderate  shock 

3' 

2'  30" 

Light  shock 

Twenty-five  c.c.  of  this,  solution  required  .33  c.c.  of  normal  sodium  hydroxide  solu- 
tion to  neutralize  to  phenolphthalein.  The  injection  of  the  neutralized  solution  gave  the 
following  results : 
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GUINKA   I'lG 

C.C.  INJECTED 

RESULT 

NO. 

\VT. 

1 

170 

1 

2' 

2 

150 

0.75 

Vi<>lcnt  sluick 

3 

150 

0.75 

Violent  shock;  flcad  in   12  liours 

4 

150 

1 

Violent  shock;  dead  in   12  hours 

5 

205 

1 

Violent  shock ;  slow  recoverv 

6 

215 

1.25 

2' 

Volumetric  analysis  showed  the  presence  of  57.48  per  cent  of  phosphorus  as  phos- 
phorus peiitoxidc.  Hence  for  iiniu-iUralized  solutions  of  sodium  metaphosphatc,  4.32  m^. 
phosphorus  as  the  tnetap!ios|ih;itc  radical  is  f;ital  for  the  guinea  pig.  When  the  solution  is 
made  neutral  to  pheii' il|ihlha!ein  the  annmnt  is  increased  to  7.18  mg. 


SODIUM     PYROPHOSPHATE 


In  order  to  make  more  certain  that  the  salt  was  all  in  the  form  of  pyrophosphate  it 
was  strongly  ignited  before  using.  .\  one  ]ic\-  cent  solution  was  employed  as  before.  The 
solution  was  alkaline  to  litmus  and  phcnnlijlithalein.  Injection  of  this  solution  gave  the 
following  results  : 


GUINF 

A    PIG 

C.C.  INJKCTKI) 

NO. 

WT. 

1 

185 

1 

2' 

2 

200 

0.5 

2' 

3 

180 

0.25 

Light    shock 

4 

235 

0.5 

\'iolent  shock 

5 

225 

0.5 

10' 

The  one  per  cent   solution   was  diluted   witii   distilled   water  volume   for   volume,  thus 
making  it  a  .5  per  cent  snlutio!i.     Injection  of  the  diluted   solution  resulted  as  below: 


GUINEA   PIG 

C.C.  INJECTED 

RESULT 

NO. 

WT. 

1 

2 
3 

205 
195 
215 

1 

0.5 
1 

3' 

Xil 

3' 

Twent\-li\c  c.c.  of  the  enc  per  cent  solution  rec|iiired  .5  c.c.  of  normal  succinic  acid 
for  neutralization  to  phenolphthaiein.  Injection  of  the  neutralized  solution  showed  that 
the  toxicity  was  the  satne  as  before.  \'olumetric  analysis  gave  52.85  as  the  value  for  phos- 
phorus calculated  as  phosphorus  pcntoxide.  The  theoretic  amount  for  a  pyrophosphate 
salt  is  52.97  per  cent.  Therefore,  2.64  mg.  of  phosphorus  pentoxide  in  the  form  of  a 
pure  pyrophosphate  salt  is  fatal  for  a  guinea  pig.  Xeutralizati(m  of  the  solution  does  not 
alter  the  toxicitv. 


The  lungs  of  all  aniiunls  d\  ini,^  from  an  injection  of  any  of  the  sodium 
■salts  or  the  salts  recovered  from  the  extract  were  collajtsed.  and  innk  in  color. 
The  blood  was  in  all  cases  fluid,  the  heart  in  one  timed  instance  continuing  to 
heat  for  one  hour  and  fort\-five  minutes.  The  jiarallel  between  the  toxicity 
of  the  pyrophosphate  salt  and  the  salts  from  tin-  extract  is  the  oittstanding  fea- 
ture of  this  experiment.  It  seems  sutiiciently  eslaltlished  by  this  lest  that  the 
toxicity  of  the  ash  from  the  extracts  is  due  to  iheir  ctnitent  of  potassium  pyro- 
phosphate. 

Toxicity    of   Rabbit    Muscle    Extract   for   Rabbits.^An    extract    of    rabbit 
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muscle  witli  an  M.L.I),  of  1.5  c.c.  for  200  j^.  guinea  pigs  was  prepared  by  the 
use  of  water  only.  Some  half  grown  and  baby  rabbits  being  available  it  was 
decided  to  make  a  few  injections  of  this  extract  and  note  its  toxicity  for  the 
homologous  animal. 


T.Mii.K  XIX 
Toxicity  oi'  Rabbit  Muscle  Extract  for  the  Homologous  Animal 


RABBIT 

c.c.   INJECTED 

RESULT 

NO. 

WT. 

1 

2 
3 
4 

280 
275 
1085 
1290 

2.1 

4.2 

8.2 

20.0 

i\il 
r  30" 

Nil 
2' 

In  the  tests  in  Table  XIX  rabbits  number  one  and  three  received  an  in- 
iecti(in  that  was  fatal  for  guinea  pig  per  kilogram  of  weight.  Rabbits  number 
two  and  four  received  twice  the  fatal  (juantity  for  guinea  pigs  per  kilogram  of 
weight. 

Bxpennioiis  zvitJi  Scrum. — On  several  occasions  during  the  progress  of 
the  experimental  part  of  this  work  an  attempt  was  made  to  modify  the  toxicity 
of  extracts,  by  the  addition  of  rabbit  serum  and  guinea  pig  serum.  As  far  as 
the  use  of  the  serum  of  normal  animals  is  concerned  we  are  prepared  to  state 
that  it  is  entirely  without  effect. 

By  repeated  small  injections  an  attempt  was  made  to  immunize  rabbits 
against  rabbit  muscle  extract.  The  injections  were  one-tenth  the  fatal  quan- 
tity per  kilogram  of  guinea  pig,  calculated  on  the  weight  of  the  rabbits.  The 
injections  were  made  every  other  day  in  the  ear  veins.  On  the  third  injection 
one  of  the  rabbits  gave  the  typical  cry  of  an  anaphylactic  rabbit  and  was  dead 
in  two  minutes.  A  second  rabbit  died  on  the  fifth  injection,  notwithstanding  a 
reduction  of  the  dose  to  one-half  the  amount  used  in  the  beginning.  The  third 
rabbit  successfully  received  six  injections,  but  lost  one  hundred  grams  in  weight. 
The  animal  was  kept  one  week  after  the  last  injection  and  the  serum  secured 
by  the  usual  process  of  bleeding  in  a  pipette,  rod  defibrination,  followed  by  im- 
mediate whirling  out  of  the  cells.  This  serum,  possibly  containinj  antibodies 
against  the  extract,  was  then  added  to  one  A'l.L.D.  of  the  same  extract  that  had 
been  injected  into  the  animal,  and  the  resulting  mixture  tested  on  guinea  pigs. 
The  results  of  the  injections  are  given  in  Table  XX.  Another  series  of  mixtures 
of  the  serum  and  extract  was  prepared  and  then  incubated  at  Z7°  C.  for  one 
hour.  Following  the  incubation,  the  tubes  stood  at  room  temperature  for  fif- 
teen hours  and  then  the  injections  were  made.     The  data  is  in  Table  XXI. 

It  is  seen  that  the  eft'ect  of  the  serum  is  nothing  more  than  that  of  dilution, 
for  the  same  slight  evidences  of  weakening  of  toxicity  can  be  produced  by  the 
use  of  physiologic  salt  solution.  The  attempt  to  immunize  the  rabbits  also 
shows  that  the  effect  of  repeated  small  injections  apparently  becomes  cumula- 
tive. However  one  may  try  to  explain  the  deaths  of  the  rabbits,  the  fact  re- 
mains that  they  were  killed  by  a  total   (luantitv  of  extract  that   amounts  to   .3 
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Tai'.i.i,  .\.\ 

Toxicity  oi'  kAitiux  Mi  .sci.r,  Ivxtkait  Whkn   .Mixr.u  wrrii   Skkl.m  of  a  KMiiirr  Tilat  Has 

l>i;i:.N  vSii'i'()si.i)i.v  Immunizkii 


GUINEA   PIG 

c.c. 

KXTRACT 

c.c. 

SKRUM 

c.c. 

PHYSIOLOGICAL 
SALT 

RESULT 

NO. 

WT. 

1 

190 

1.5 

0.5 

0 

5' 

2 

185 

1.5 

0.5 

0 

3' 

3 

225 

1..S 

1.0 

0 

Violent  shock 

4 

205 

1.5 

1.0 

0 

6' 

5 

215 

1.5 

1.5 

0 

Violent   shock 

6 

210 

1.5 

1.5 

0 

10' 

*7 

250 

1.5 

0 

1.5 

Violent   shock 

*8 

200 

1.5 

0 

1.5 

2' 

*9 

215 

15 

0 

0 

3' 

Table  XXI 

Toxicity  ov  Rakbit  Mlscle  Extract  When  Inct'b.\ted  with   Serum  of  Supposedly 
Immunized  Rabbit  for  One  Hour;  Room  Temperature  Fifteen  Hours 


GUINEA    PIG 

c.c. 

EXTRACT 

c.c. 

SERUM 

c.c. 

PHYSIOLOGICAL 
SALT 

RESULT 

NO. 

WT. 

1 

250 

1.5 

0.5 

0 

Violent   shock 

2 

200 

1.5 

0.5 

0 

3' 

3 

205 

1.5 

1.0 

0 

V'iolent  shock 

4 

210 

1.5 

1.0 

0 

5' 

5 

200 

1.5 

1.5 

0 

3' 

6 

200 

1.5 

1.5 

0 

Violent  shock 

7 

200 

1.5 

2.0 

0 

Violent   shock 

8 

180 

1.5 

2.0 

0 

Violent   shock 

*9 

200 

1.5 

0 

1.5 

5' 

*10 

245 

1.5 

0 

1.5 

Violent   shock 

*11 

250 

1.5 

0 

2.0 

Near  death 

*12 

220 

1.5 

0 

2.0 

Violent   shock 

*13 

200 

1.5 

0 

0 

3' 

*14 

210 

1.5 

0 

0 

5' 

*Controls. 


in  one  case  and  .5  in  the  other  of  the  cjuantity  that  would  have  been  required 
to  have  killed  them  in  one  single  injection  on  the  assumption  that  rabbits  are  as 
susceptible  as  guinea  pigs. 

DISCUSSION 

The  first  or  historical  part  of  this  paper  requires  but  little  further  consid- 
eration. The  reading  of  it  has  no  doubt  left  the  impression  that  there  is  yet 
considerable  confusion  in  the  field  of  organ  extracts.  Direct  contradiction  pre- 
vails on  some  points  and  agreement  on  certain  others ;  but  by  far  the  larger 
number  of  questions  involved  are  still  in  the  balance.  The  one  question  that 
all  have  striven  to  answer,  directly  or  indirectly,  is  the  identity  of  the  toxic  agent 
in  organ  extracts. 

To  reflect  for  just  a  moment  on  the  lack  of  agreement  among  the  workers 
in  this  field.  By  a  more  careful  reading  of  the  details  of  their  work  one  can 
see  a  plausible  reason  why  such  variant  conclusions  have  been  reached.     W  hen 
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one  takes  into  consideration  the  diversity  of  workers,  and  hence  of  technic,  the 
wide  range  of  materials  that  have  been  examined,  and  the  varietv  of  animals 
that  have  been  used  as  recii)ients  upon  which  to  test  toxicity,  it  is  seen  at  once 
that  sharp  conflicts  of  o])inion  arc  inevitable.  Probably  the  variation  in  the 
Icchnic  of  extraction,  toi^ether  with  the  use  of  ditTerent  animals  as  recipients 
are  the  most  potent  factors  in  this  matter.  The  latter  point  we  believe  to  have 
especial  significance.  If  the  guinea  pig  may  be  said  to  be  too  sensitive  in  its 
response  to  injections,  the  converse  is  probably  true  of  all  other  laboratory  an- 
imals, and  es])ecia]ly  of  the  ral)bit,  which  has  been  used  so  extensively  in  organ 
extract  work.  To  illustrate,  if  one  injects  a  series  of  half  a  dozen  guinea  pigs 
with  graduated  doses  of  some  toxic  substance,  within  limits,  all  give  some 
definite  res])onse  to  the  injections.  The  gap  between  no  response  and  an  easily 
observable  eiTect  will  be  relatively  small  in  terms  of  dosage.  This  is  not  so  for 
the  rabbit.  They  receive  with  equanimity  relatively  large  doses  of  toxic  mate- 
rial, e\en  bordering  on  the  fatal  quantity.  Thus  it  is  seen  how  two  independent 
operators  could  easil}-  arrive  at  opposite  conclusions.  One  by  injecting  doses 
into  rabbits  that  were  just  under  the  M.L.D.  would  get  only  negative  results; 
the  other  by  use  of  a  quantity  but  slightly  larger,  yet  over  the  fatal  amount,  makes 
a  positive  observation.  Both  are  correct  in  their  observations,  yet  the  published 
work  seems  absolutely  contradictory  at  first  reading.  Our  personal  experi- 
ence with  rabbits  strongly  corroborates  this  possible  explanation  of  some  of  the 
confusion  in  the  literature  of  organ  extracts. 

The  statement  made  earlier  concerning  the  circumstances  under  which  this 
study  was  initiated  may  be  recalled.  The  extraction  process  that  was  then 
employed  is  achnittedly  a  crude  procedure.  However,  it  resulted  in  a  toxic  ex- 
tract from  the  tissues  of  a  normal  cat.  It  was  the  substance  that  was  in  that 
extract  that  we  wished  to  know  more  about,  therefore  the  technic  by  which 
it  was  obtained  has  been  quite  closely  followed  throughout  this  work.  It  can 
be  readily  understood,  that  in  extracting  such  a  complex  material  as  tissue, 
that  any  radical  change  in  method  would  result  in  a  corresponding  change  in 
the  extract.  The  attempt  to  extract  the  tissue  with  ether  in  place  of  the  alcohol 
well  illustrates  the  point.  Or,  the  previous  drying  of  the  tissue,  followed  by 
alcoholic  extraction,  which  produced  an  extract  of  such  negligible  toxicity. 
The  lessened  toxicity  of  the  extract  from  the  tissues  of  the  fatigued  cat  is  not 
so  readily  explained.  Various  factors  were  influencing  the  cells  of  that  animal 
during  the  period  of  fatigue,  whereby  they  could  have  been  markedly  modified. 
The  exertion,  lack  of  food,  worry,  and  the  necessity  of  metabolism  of  some- 
thmg  as  a  source  of  energy,  is  a  combination  that  has  many  possibilities  of  al- 
tering an  organism.  The  experiment  on  inanition  alone  rules  out  that  factor, 
as  the  cat  subjected  to  that  test  showed  no  efifects  of  the  treatment  in  the  re- 
sulting extract  of  its  tissues.  Without  going  into  the  theoretical  aspects  of  the 
matter,  it  may  be  said  that  authorities  are  agreed  that  two  changes  would  en- 
sue in  the  fatigued  animal.  One  would  be  a  change  of  cell  contents;  a  transfer 
of  energy  ])roducing  material  from  certain  cells  to  others  more  vitally  concerned 
with  the  maintenance  of  life,  such  as  the  heart  and  nervous  tissues.     From  the 
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\  ii'w  |Miiii!  (if  our  |»ui|i()vc-^,  the  rli.-m.i,'!'  lli;it  piolialily  took  ])I.'i(:e  in  the  cell  mem- 
hr.'iiH's  was  ilic  nioic  |>ot(iii.  This  assuino  of  course  that  the  toxic  agent  of 
orj^an  extracts  is  a  constituent  of  cells,  and  must  of  necessity  be  removed  throuf^h 
the  nu'ml.rancs  in  extraction.  l-",\cn  if  there  was  no  chauf^c  whatever  in  tiie 
cell  contents,  tlu'  decreased  jjermeahility  of  the  mcmhranes  is  very  likely.  This 
is  shown  l)\  llie  failure  of  the  extraction  |irocess  to  remove  anywhere  near  the 
usual  amount  of  toxic  suhstance  from  the  tissues,  judging  hy  the  results  of  the 
injections. 

Up  to  the  time  when  water  was  employed  as  the  extracting  medium  the 
extraction  i)rocess  had  not  been  aimed  at  any  particular  substance.  It  has  al- 
ready been  exj)lained  how  our  efforts  of  extraction  became  more  concerned 
with  tlu'  inorganic  constituents  of  the  tissues.  The  jirimary  extraction  with 
water  resulted  in  an  enormous  increase  in  the  bulk  of  the  extractives  removed 
from  the  tissue.  However,  by  carrying  the  evaporation  of  the  water  to  abso- 
lute dryness,  mucli  of  this  material  was  so  changed  that  it  was  not  taken  up  by 
the  next  treatment  w  ith  the  water.  The  data  shows  the  actual  increase  of  total 
solids  to  only  be  about  eight  per  cent  over  that  contained  in  the  extract  pre- 
pared by  the  use  of  alcohol  as  the  primary  extracting  liciuid.  The  increase  in 
the  inorganic  matter  as  determined  by  the  ignition  was  approximately  fifty  per 
cent.  The  size  of  dose  required  to  kill  was  reduced  in  the  case  of  rabbit  mus- 
cle to  about  one-half  what  it  had  been  when  alcohol  was  used  for  the  extraction. 
It  would  seem  that  the  connection  between  the  inorganic  part  of  the  extracts, 
in  whatever  form  they  may  be,  and  the  toxicity  is  close  enough  to  warrant  the 
belief  that  the  toxicity  is  caused  by  this  part  of  the  material  in  solution.  The 
exact  form  in  which  the  inorganic  material  was  disposed  is  an  unsettled  ques- 
tion. Undoubtedly  some  small  part  of  it  is  free  inorganic  salts.  It  was  found 
impossible  to  separate  the  inorganic  from  the  organic  substance  except  by  igni- 
tion. Dialysis  might  have  accomplished  this  result  but  failed  to  do  so.  This 
points  very  strongly  to  the  probability  that  the  inorganic  elements  were  in  com- 
bination with  something  else.  The  matter  can  be  considered  from  the  stand- 
point of  the  principal  radical  present  most  advantageously.  As  has  been  shown 
the  acid  radical  most  abundant  in  the  ash  is  the  phosphorus.  \\'hen  one  con- 
siders the  possible  forms  of  combination  of  phosphorus  in  the  animal  body,  the 
so-called  "phosphatides,"  in  relation  to  the  method  of  extracting  the  tissues,  it 
will  be  seen  that  lecithin  is  the  most  probable  combination  that  fits  the  circum- 
stances of  the  extraction.  Inn-ther  the  widesiiread  distribution  of  lecithin  and 
the  extractable  poison  would  su])port  such  a  view.  However,  lecithin  is  said 
not  to  dialvze.  Even  its  solution  in  water  is  somewhat  dubious.  These  state- 
ments are  made  for  reasonabh'  i)ure  lecithin,  and  it  is  certain  that  we  are  not 
working  with  a  pure  specimen  of  anything,  whatever  its  identity  may  be.  All 
laws  of  solubility  and  behavior  of  substances  in  solution  are  based  on  data 
from  the  beha\ior  of  the  pure  substance.  When  two  or  more  substances,  even 
when  chemically  pure,  are  present  in  a  solution,  the  result  of  their  status  is  not 
conformable  to  any  fixed  rule  for  either  alone.  The  condition  when  such  a  com- 
plex as  organ  extracts  are  ])laced  in  water  would  not  be  the  most  simple.     This 
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it  is  believed  explains  the  silualion  with  respect  to  our  tissue  extracts.  Disre- 
garding entirel}'  what  the  toxic  agent  may  be,  the  complexity  of  the  material 
is  sufficient  to  rule  out  any  rigid  statement  concerning  solubility,  dialysis,  or 
other  phenomena  of  any  one  substance  that  may  be  present.  One  fact  can  not 
be  escaped.  That  is  that  in  the  most  toxic  extracts,  analysis  showed  over  one- 
half  of  the  inorganic  constituents  of  the  tissue  to  be  present,  and  the  toxicity 
rose  as  the  ash  value  of  the  extract  was  increased. 

Early  in  this  work  we  had  concluded  that  the  toxic  agent  of  tissue  ex- 
tracts was  some  stable  substance.  Anything  in  the  nature  of  a  ferment  was 
excluded  by  the  method  of  preparation  of  the  extract.  In  the  first  place  al- 
cohol was  used  to  extract  the  tissue ;  ferments  are  not  able  to  withstand  the 
concentration  to  which  they  would  have  been  subjected.  Further,  some  rab- 
bit livers  had  been  saved  from  time  to  time  as  the  animals  had  been  used  for 
other  purposes.  They  were  preserved  by  dropping  into  a  large  bottle  containing 
absolute  alcohol  at  the  start.  The  most  recent  of  these  livers  had  been  in  the 
alcohol  for  about  one  year.  They  were  ground  and  the  required  amount  of 
water  added  to  the  alcohol  in  which  they  had  been  kept  to  make  the  volume  up 
to  the  usual  2  c.c.  per  gram  of  tissue.  The  final  extract  proved  to  be  the  most 
toxic  for  liver  ever  prepared;  1.5  c.c.  proving  fatal.  Secondly,  the  alcoholic  or 
water  extraction  liquid  was  heated  during  its  evaporation,  which  was  carried  to 
relative  dryness  when  alcohol  was  used  and  to  jjositive  dr^mess  in  the  case  of 
water,  to  a  higher  temperature  than  ferments  can  withstand.  Then,  the  extracts 
themselves  were  stable  on  boiling.  The  extracts  showed  no  deterioration  on 
standing,  either  at  room  temperature  or  in  the  ice  box.  Extracts  thus  kept  for 
three  months  showed  no  decrease  in  toxicity.  Whenever  an  extract  was  kept 
for  any  length  of  time,  it  was  preserved  from  bacterial  activity  by  a  few  drops 
of  trikresol. 

The  work  upon  the  toxicity  of  the  pure  phosphate  salts  was  for  the  purpose 
of  confirming  a  well  grounded  notion  as  to  the  toxic  agent  in  the  inorganic  salts 
derived  from  the  extract  by  ignition.  Ganigee,  Priestly,  and  Larmuth^*'  had 
noted  the  differences  in  the  effects  of  the  three  forms  of  phosphoric  acid  as 
early  as  1877,  and  had  made  a  special  study  of  the  influence  of  the  pyrophosphate 
salt  on  heart  and  circulation.  They  used  rabbits  and  frogs,  and  made  their 
injections  subcutaneously  and  intravenously.  Gardner  and  Symes'^''  repeated 
their  work  in  1910,  and  confirmed  the  same.  They  ascribed  the  effects  of  the 
phosphoric  salts  to  their  alkalinity.  Starkenstein^*  made  a  more  minute  inves- 
tigation of  the  effects  of  the  various  acid  radicals,  that  it  is  possible  to  obtain 
with  the  phosphoric  acids,  due  to  their  polyvalency,  and  was  also  led  to  believe 
that  the  alkalinity  of  the  pyrophosphate  salts  was  responsible  for  their  marked 
activity.  Crawford''''  after  investigating  the  ill  results  of  feeding  cottonseed 
meal  concluded  that  the  i)yroi)hosphates  produced  by  the  method  of  manufacture 
were  the  cause  of  the  deleterious  effects.  Thus  we  see  that  there  is  ample  evi- 
dence that  the  phosphate  salts,  and  especiall>'  the  pyrophosphates  are  very  toxic 
substances  when  introduced  into  the  body  by  any  channel.  Konig='"  states  that 
phosphoric  anhydride  constitutes  from  36  to  48  per  cent  of  the  mineral  part  of 
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various  forms  of  flesh.  The  sak  ih.it  \\c  prepared  and  subjected  to  analysis 
contained  34.8  per  cent  of  i)h(Jsi)horic  .inhydridc.  It  was  necessarily  in  the  pyro- 
ph(js[)hate  form  by  reason  of  the  method  f)f  its  [^reparation,  and  was  undoubtedly 
the  cause  of  death  in  animals  injected  with  a  water  solution  of  the  salts.  The 
collapsed  condition  of  the  lunj^'s  of  animals  dyinj^  from  injections  of  either  pure 
[)h()sphatc  salts  or  of  the  salts  from  the  tissue  extracts,  was  a  very  constant  fea- 
ture. I  f  the  statement  is  acceptable  that  an  anaphylactized  animal  dies  be- 
cause air  can  not  get  out  of  the  lungs,  because  of  the  constricted  bronchioles, 
then  it  would  be  logical  to  believe  that  these  animals  died  because  air  could  not 
get  into  the  lungs.  The  dyspnea  was  very  marked,  indicating  a  condition  of  air 
hunger  exactly  analogous  to  that  of  animals  injected  with  organ  extracts  or 
anaphylatoxin. 

The  method  of  prc])aring  the  extracts  would  result  in  a  low  protein  content. 
Tn  fact,  no  satisfactory  test  for  jjrotein  was  ever  made  on  an  extract.  The 
biuret  test  was  negative.  In  view  of  the  small  amount  of  protein,  if  any,  that 
was  in  the  extracts,  the  attempt  to  immunize  rabbits  was  inevitably  doomed  to 
not  succeed.  The  toxic  agent  of  the  extracts  we  believe  to  have  shown  to  be 
a  chemical  entity,  and  to  act  as  stich  in  the  animal  body.  However,  its  appar- 
ent cumulative  efifects  on  repeated  injection  might  be  interpreted  as  a  state  of 
sensitization. 

SUMMARY    AND    CONCLUSIONS 

The  tissues  of  seven  species  of  animals  were  extracted  with  alcohol  and 
found  to  yield  a  toxic  extract.  We  believe  that  the  tissue  of  all  animals  if 
similarly  extracted  would  likewise  produce  a  toxic  extract. 

It  was  found  that  the  extract  of  the  tissues  of  the  cat,  which  may  be  con- 
.sidered  representative  of  all  other  tissues,  contained  solids  in  solution  varying 
from  .47  to  1.83  per  cent  of  the  original  tissue. 

The  extracts  were  acid  in  reaction  with  the  occasional  exception  of  the 
•extract  of  stomach  and  intestine.  Adjustment  of  the  reaction  to  neutrality  did 
not  alter  the  toxicity  of  the  extracts. 

There  was  some  evidence  that  toxicity  of  the  extracts  could  be  modified  by 
previous  treatment  of  the  animals,  especially  by  fatigue.  Inanition  was  without 
■efifect. 

Ether  does  not  extract  the  toxic  substance  from  tissue. 

Drying  and  fine  division  of  rabbit  muscle  followed  by  alcoholic  extraction 
gave  an  extract  of  negligible  toxicity.  In  view  of  statements  that  are  to  fol- 
low, we  do  not  believe  that  the  toxic  agent  was  destroyed  by  the  drying,  but 
rather  that  it  was  rendered  insoluble  in  absolute  alcohol. 

Ignition  to  a  white  ash  of  the  solids  in  extracts  prepared  by  the  use  of 
alcohol,  shows  an  inorganic  residue  of  approximatelv  .4  per  cent  of  the  tissue. 
Subsequent  solution  of  this  ash  to  the  volume  of  the  extract  from  which  it  was 
obtained,  followed  b\'  injection,  shows  it  to  be  always  equally  toxic,  and  in  some 
cases  more  so,  than  the  extract  from  which  it  was  derived. 

It  was  found  that  water  could  be  sulistituted  for  alcohol  as  the  primary 
•extracting  medium,  and  that  a  more  toxic  extract  resulted.     Further  investiga- 
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tion  of  this  extract  showed  tliat  the  total  sohds  liad  l)een  increased  by  the  use 
of  water  about  8  ])er  cent,  and  the  inorij^anic  residue  by  50  ])er  cent. 

The  increase  in  toxicity  of  the  water  extracts,  as  measured  in  terms  of 
redviction  of  size  of  dose  requii'ed  to  kill,  was  approximately  parallel  to  the  in- 
crease of  tiie  inorganic  material  in  the  extracts.  We,  therefore,  believe  that  the 
inorganic  constituents  of  the  extracts,  in  whatever  form  they  may  be,  are  re- 
sponsible for  the  toxicity  of  the  extracts. 

That  the  inorganic  substances  were  in  some  sort  of  combination  is  indicated 
by  the  failure  of  dialysis  to  make  any  separation  of  organic  and  inorganic  mate- 
rials.   \\hatevcr  is  in  the  extracts  dialyzed  freely. 

By  repeated  freezing  and  thawing  the  toxic  portion  of  the  extracts  could 
be  concentrated  to  a  very  small  xolume  in  the  lower  ])art  of  the  container  in 
which  the  extracts  were  frozen.  Five  or  six  freezings  gave  the  maximum  ef- 
fect. The  increase  in  toxicity  of  the  lower  concentrated  portion  was  roughly 
equivalent  to  the  increase  of  solids  in  solution.  The  lack  of  toxicity  in  the 
uppermost  portion  of  such  a  frozen  extract  was  almost  absolute. 

Boiling  does  not  affect  the  to.xicity  of  muscle  extracts. 

The  toxic  agent  of  muscle  extracts  is  not  removed  by  passage  through  a 
Berkefeld  N  filter. 

Pyrophosphate  salts  are  highly  toxic  for  guinea  pigs  upon  intravenous  in- 
jection. By  comparative  tests  between  pure  phosphate  salts  and  the  inorganic 
salts  derived  from  the  extract  by  ignition,  it  was  shown  that  the  toxicity  of  the 
ash  solutions  was  caused  by  their  content  of  pyrophosphates. 

The  toxicity  of  rabbit  muscle  extract  could  not  be  modified  by  treatment 
with  serum,  either  with  or  without  incubation.  This  statement  applies  to  both 
serum  from  a  normal  animal  and  serum  from  an  animal  that  had  been  repeat- 
edly injected  with  the  extract,  and  might  therefore  have  been  immunized  against 
the  extract. 

Rabbit  muscle  extract  is  toxic  for  rabbits,  but  in  a  higher  proportion  per 
kilogram  of  weight  than   for  guinea  pigs. 

The  attempt  to  immunize  rabbits  by  successive  small  injections  of  extract 
shows  that  the  effects  of  the  extract  by  this  manner  of  injection  become  cumula- 
tive and  are  exaggerated  beyond  what  would  have  been  produced  by  a  single 
injection  of  the  total  dosage  up  to  the  time  when  the  animal  succumbs.  Lack 
of  protein  material  in  the  extracts  forbids  the  use  of  the  term  "sensitization" 
as  ordinarily  understood.     Yet  the  whole  phenomena  is  typical  of  such  a  state. 

The  general  trend  of  the  experimental  part  of  this  work  indicates  that  the 
toxic  agent  in  tissue  extracts  is  a  stable  chemical  entity  or  entities.  We  believe 
that  the  evidence  is  sufficient  to  warrant  the  statement  that  the  inorganic  mate- 
rials of  the  extracts,  especially  the  phosphorus,  in  whatever  form  they  may  be 
are  the  toxic  agents  of  tissue  extracts. 
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A   Body   Plkthysmogkaimi    wd    Its   Aim'i.k'ation    to   thk    Study   ok    Lung 
Distention  in  Rkuation  to  Circui.atorv   I'hk.vomkxa 


By  Fkijx  p.  Ch  ii.mxgworth.  and  R  \r.iMi   IIoi-kins,  Xi;\v  (^rlkans,  I^a. 

IX  llu'  course  of  in\  cslii^atiou^  includin,!^^  ;i  study  of  llic  circulatory  clianges  due 
to  (li>tcntion  and  collapse  oi  the  lunj^^s.  of  the  ner\ous  mechanism  of  respira- 
tion, and  of  the  pathologic  effects  of  overdistention  it  became  necessar>'  to  devise 
apparatus  by  means  of  which  accurate  records  of  changes  in  lung  volume  could 
be  ol)tained  under  conditions  of  normal  or  artificial  respiration.  It  was  essential 
that  any  degree  of  lung  distention  or  collapse  could  be  maintained  for  a  consider- 
able length  of  time  by  methods  causing  changes  in  the  intrapulmonic  and  intratho- 
racic pressures  approximating  as  nearly  as  possible  those  occurring  during  natural 
respiration.  Tt  was  also  desired  that  the  ai)paratus  should  be  capable  of  produc- 
ing rapid  and  rhythmic  changes  in  lung  volume  while  a  constant  mean  degree 
of  distention  was  maintained.  It  was  further  necessary  that  provision  be  made 
for  recording  blood  j)ressurcs,  stimulating  or  freezing  nerves,  injecting  solutions 
and  other  procedures. 

The  special  and  excellent  lung  plethysmograi^hs  designed  either  by  Cloetta^ 
or  by  Jackson-  did  not  meet  the  requirements  of  our  investigations  which  were, 
however,  fulfilled  by  an  adaptation  of  the  earlier  method  of  Bernstein"  which  con- 
sisted in  placing  the  animal  in  a  hermetically  sealed  plethysmograph,  connecting 
the  trachea  with  the  outside  air,  and  recording  changes  in  lung  volume  from 
the  displacement  of  the  plethysmographic  air.  Certain  objectionable  features  of 
this  older  method  are,  we  believe,  eliminated  in  the  apparatus  which  we  have  de- 
vised and  described  below,  while  additions  have  been  made  which  render  it  adapt- 
able to  a  much  wider  range  of  experimental  work.  Description  is  facilitated  by 
reference  to  two  photographs  (Figs.  1  and  2]  and  a  detailed  drawing  (Fig.  3). 
The  plethysmograph**  is  a  wooden  box  with  a  plate-glass  cover.  It  is  con- 
structed to  accommodate  a  medium  sized  dog,  and  leave  the  minimum  amount  of 
interior  air  s^iace.  The  sides,  ends,  and  bottom  of  the  box  are  made  of  two  layers 
of  wood  glued  tf)gether  with  the  corners  lapped  and  fastened  with  screws  to 
render  it  air-tight  and  to  i)revent  warping.  Leaks  are  further  guarded  against  by 
•a  heavy  inside  coating  of  shellac  and  hard  paraffin.  The  upjier  edges  of  the  sides 
and  ends  of  the  box  are  surmounted  liy  a  l)road  wooden  flange  upon  which  the 
glass  cover  rests.  In  earlier  attempts  to  secure  a  tightly  fitting  cover,  the  flange 
was  in  turn  surmounted  by  a  plate  glass  rim  embedded  in  plaster  of  Paris.  Leak- 
age between  the  ])laster  of  Paris  and  the  glass  rim  frequently  occurred,  and  the 
glass  rim  was  abandoned  for  a  sim])lilied  construction  in  which  the  wooden  flange 
was  carefully  trued  to  the  surface  of  the  plate-glass  cover.  An  air-tight  union  for 
such  pressures  as  our  animals  have  been  subjected  to.  was  secured  by  coating  the 

'From  tlie   Physiological   Laboratory,    Tulanc   University    of   Louisiana,    New   Orleans,    La. 
•*The    pletliysmograph    was   made   by    Mr.    Tmlor    T.    H.tII,    mechanician    for    Tulane   I'niversity. 
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HaiiiTC  with  hcaxy  niachiiu'  oilf  licfoit'  placing  the  glass  cover  in  position, 
l'^")!-  conxcnience,  o[)erative  work  in  i)reparation  for  an  experiment  is  per- 
formed on  a  special  dog  board  which  is  su!)se(|ucntly  lowered  into  the  plethysmo- 
graph,  and  which  is  constructed  so  as  to  diminish  tlie  interior  air  space  as  much 
as  possible.     In  b'ig.  2,  showing  a  top  \iew  of  the  apparatus,  this  dog  board,  with 


Fig.  1. — Pletliysmograph  showing  its  outside  connections.  /,  Connection  between  niercviry  manom- 
eter and  carotid  cannula  lor  recording  blood  pressure;  2.  connection  with  the  inside  of  the  plethysitiograph 
for  recording  negative  pressure  changes  within  the  plethysmograph;  5,  ether  bottle  connected  to  tracheal 
cannula;  4,  adjustable  thumb  screw  valve  permitting  fractional  pressure  changes;  5  and  /,  plugs  for  elec- 
trical connection  for  stimulation  of  nerves;  6,  electrical  connection  to  lamp  resistance  for  warming  interior 
of  ]dethysmograph ;   tS',   Gaede  pump;   9,  connection   from  exhaust   pump   to   interior  of   plethysmograph. 


\'\%.  2.  — -Top  view  of  idclhysmograiili  with  plate  glr.ss  cover  removed,  showing  animal  ludder  in  !>osi- 
tion  and  its  several  connections.  /,  IMood  pressure  tube  and  carotid  cannula:  .',  outlet  f(n-  recording  nega- 
tive pressure;  .?,  tracheal  tube  and  cannula;  5  and  7,  electrical  connections  for  stimulation  of  nerves;  /o, 
return  flow  tubes  to  conduct  cold  fluid  for  freezing  nerves.  Support  for  tubes  and  rods  for  holding  ther- 
mometer, as  well  as  the   headclam])   can  also  lie  seen. 


its  handles  and  rods  for  adjustments,  can  be  seen  in  position.  Tt  is  also  more 
convenient  to  introduce  such  cannula?  as  are  necessary  for  a  particular  exjuM-iment 
before  placing  the  animal  and  board  in  position. 

tMachinc   oil   has  proved   more  satisfactory   for   our   purposes  than   has  vaseline,   tallow,   or   ligliter   ciils. 


-vs,.„.,.c,.    ,.,Mx,-,,.:s  ,.„,„„■..,„  „,  ,,„„„„„  ,,.  ,,.^,,,^  ,_,^,^^^^,^^^^^    ... 

...^J;;::s;;;::;;n,:;:;';:,ri;;,,::::,;;:i:t;- 
ri:r:,,,.:::^,:r;:;:;:::::£:;/-.-^^^ 


Fig.   3.-Pcrs,.cctive   drawing  of  plethysmograph. 
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le„.,l,  a„<i  i  A    ';  1  ,  :,  ,!:,;°"""'"^  cons„.ucti„„.     A  bras.  tube.  15  c„,.'i„ 
.         g...,,l,.    A  .>lo.  0.5  mm.  ,„  „.„l,b  ,s  cm  lenstbuise  through  ,be  „ail  of  ,be 
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tube  to  within  2.5  cm.  of  ils  ends.  This  slot  allows  iniiress  of  air  via  the  cylinder 
to  the  interior  of  the  ])lcth\smo^rapli  A  jjiston  accurately  litting  the  lumen  of 
the  cylinder  prevents  entrance  of  air  from  the  distal  end.  Movement  of  the  pis- 
ton exposing  a  greater  or  shorter  leni;lh  of  slot  for  the  passage  of  air,  is  accom- 
plished by  a  screw  of  small  ]>itch  passing  through  a  threaded  nut.  Revolution  of 
the  nut  mo\es  the  piston  inward  or  outward.  This  method  of  controlling  pres- 
sure has  the  adxantage  of  obviating  the  influence  of  tem])erature  changes  within 
the  plethysmograph,  while  permitting  very  delicate  adjustment  and  accurate 
maintenance  of  a  wide  range  of  pressures  for  long  periods  of  time. 

Air  is  supplied  to  the  animal's  trachea  through  an  opening  in  the  end  of  the 
box  through  which,  as  jirexiously  described,  a  glass  tube  passes  for  connection 
with  the  tracheal  cannula.  The  distal  end  of  this  tube  communicates  with  the 
outside  air  and  can  be  used  for  administration  of  the  anesthetic.  It  is  essential 
that  these  tubes  be  short  in  order  to  limit  the  respiratory  dead  space.  This  end 
is  attained  by  an  adjustable  head  holder  on  the  dog  board  by  means  of  which 
the  animal's  nose  can  be  brought  close  to  the  inner  wall  of  the  plethysmograph. 

In  experiments  necessitating  artificial  respiration,  pulmonary  ventilation  is 
accomplished  by  rhythmic  changes  in  air  pressure  within  the  plethysmograph 
causing  alternate  distention  and  collapse  of  the  lungs.  These  pressure  changes 
are  easily  effected  by  intermittently  allowing  more  or  less  free  ingress  of  air 
through  one  of  the  openings  in  the  wall  of  the  plethysmograph  while  air  is  being 
constantly  withdrawn  by  the  exhaust  pump.  When  the  opening  is  unobstructed 
it  admits  air  freely  and  consequently  the  exhaust  pump  causes  slight  if  any  varia- 
tion from  the  atmospheric  pressure,  but  obstructions  cause  rarefactions  of  the 
interior  air  varying  with  the  degree  of  occlusion.  It  is  our  beHef  that  this  method 
of  lung  inflation  more  closely  approximates  natural  respiration  than  does  intra- 
tracheal insufflation  in  as  much  as  distention  is  accomplished,  as  normally,  by  a 
diminution  in  intrathoracic  pressure. 

When  experiments  are  in  progress  variations  of  pressure  within  the  plethys- 
mograph are  recorded  by  suitable  apparatus  communicating  with  the  interior 
air.  Wide  variations  in  pressure  are  recorded  by  a  mercury  or  a  water  manometer 
(Figs.  1  and  2)  which  carries  a  float  and  a  recording  stylus.  For  slight  variations, 
a  large  tambour  and  recording  lever  are  used.  This  tambour,  4  cm.  in  depth  by 
15  cm.  in  diameter,  communicates  with  the  interior  air  of  the  plethysmograph 
by  means  of  tubing  2.5  cm.  in  diameter,  and  records  the  displacement  of  the  in- 
terior air  caused  by  natural  respiration.  This  system  is  so  sensitive  to  pressure 
changes  and  to  currents  of  air  within  the  plethysmograph  that  not  infrequently 
heartbeats  have  been  recorded  in  the  respiratory  tracings. 

For  recording  blood  pressure  a  suitable  manometer,  usually  a  mercury  ma- 
nometer, is  connected  by  rubber  tubing  to  a  glass  tube  which  fits,  as  previously 
described,  an  opening  in  the  plethysmograph  (Fig.  1,  1).  This  system  is  filled 
with  cannula  fluid  under  pressure  ai)proximating  that  of  an  average  dog  and  the 
rubber  tube  is  clamped  to  prevent  escape  of  fluid.  Since  this  glass  tube  projects 
within  the  plethysmograph  and  would  interfere  with  the  lowering  of  the  dog 
board,  final  adjustment  is  deferred  until  the  animal  is  in  ])lace,  wdien  connection 
can  be  established  with  a  cannula  ])reviously  filled  and  inserted  in  the  carotid  ar- 
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tcrv.      P.y  siiiiil.ir  idcuh   llic  prosurc  wilhin   the  pulmonary  artery  may  he  re- 
corded. 

In  the  inttTi)relation  ol  reeordN  of  hlood  pressure  it  must  he  hornc  in  minrl 
that  the  nianomttiic  ri'eord  is  af'feeled  1)\  all  factors  \aryinf(  tlie  jiressure  within 
the  i)lethysmo}j;rai)h  and  that  corrections  must  he  made  hy  suhtractinj:^  the  nega- 
tive pressures  or  adding  the  iK)sitive  pressures.  The  result  represents  the  actual 
hlood  pressure. 


^^'g-y"-  — Experiment  of  Dec.  li.  1415.  .Me.liuni  ^i/cl  .l.-g;  etl'cr  anesthesia.  A.  Carotid  blood  pres- 
sure recorded  by  mercury  manometer;  B,  plethysniographic  curve;  C.  respiratory  curve  from  side  arm  of 
tracheal  cannula;  time  in  seconds. 

For  electrical  stimulation  of  nerves  four  sets  of  insulated  binding  posts  on 
the  outside  of  the  hox  permit  conduction  of  current  to  plugs  on  the  interior  sur- 
face.    To  the.'^e  plugs  stimulating  electrodes  arc  easily  attached. 

Intravenous  injections  are  made  through  glass  tubes  fitted  into  rubber  stop- 
pers which  in  turn  til  two  openings  in  the  side  of  the  pletliysniograph.  These 
tubes  are  also  used  for  establishing  circulation  of  a  freezing  mixture  through  a 
suitable  metallic  support  upon  which  nerves  are  allowed  to  rest. 
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I'ig.  i>. — Experiment  of  Oct.  28,  1916.  Medium-sized  dog;  ether  anesthesia;  artificial  ventilation  by 
rliytlimic  changes  in  plethysmographic  pressure.  A,  Carotid  blood  pressure  recorded  by  mercury  manom- 
eter; B,  abscissa  for  carotid  blood  pressure;  C,  plethysmographic  pressure  recorded  I)y  mercury  manom- 
eter;  time  in   seconds. 


I'lg.  7. — Dxpenment  of  Dec.  1.S,  1916.  Dog  6.5  kilo;  other  anesthesia.  A.  Carotid  blood  pressure 
recorded  by  mercury  manometer;  B.  al)scis.sa  for  carotid  hlnol  pressure;  C.  i)ressure  in  plethvsmograph 
recorded   by   mercury    manometer;    time    record    every    ten   seconds. 


I'll  N  Slol.oC.U     111  AXCKS    I'KdDrCI'.I)    I'.S'    VARIATIONS    IN'    I.UNC    UISTKNTION      5')1 

111  (.•\i(lriu-c-  of  the  a(la])l;il)ilit y  aii<l  ctficiciu}-  of  the  ajjparatus  ior  recording 
circulatoty  and  ropiiatoi  y  rliauj^es  and  al.so  in  maintaining  constant  degrees  of 
negative'  pressuir  within  ilic  ])lcthysmograi>Ii,  h\c  tracings  are  shown. 

r'ig.  5  shows  sinuihani'on>  tracings  of  carotid  Mood  ]»ressiire  and  two  rc•^]Mra- 
tory  curxes  taken  as  a  test  (jf  the  a|)i)aratus.  The  period  oi  both  taniljfnirs  a])- 
parently  is  snfficiently  fast  to  record  ra])id  respiration.  In  each  of  the  res|)iratory 
curxc's  tile  down-stroke  i>  inspirator)-  and  the  up-stroke  expirat(;ry.  The  U[)i)er 
tracing  recorded  by  the  large  lanih(nir,  is  plethysmographic  and  the  lower  is  from 
a  small  Marey  tambour  connected  in  th(_'  usual  way  with  a  side  arm  from  the 
traclieal  cannula.  H(jth  respiratory  curves  show  changes  in  respiration  while 
gradual  freezing  of  the  \ agi  is  in  [)rogress.     It  w  ill  be  noted  that  the  unavoidable 


Fig.  8. — Experiment  of  Dec.  15,  1916.  Dog  6.5  kilo;  ether  anesthesia.  A.  Carotid  blood  pressure 
recorded  by  mercury  manometer;  B.  al)scissa  for  c.irotid  blood  pressure,  which  is  6_'  mm.  above  the  time 
record;    C,  pressure   in   plethysniograidi   recorded   by   mercury   manometer;    time   record  every   ten   seconds. 


instrumental  error  in  the  lower  tracing  is  absent  in  the  upper  tracing,  and  that  the 
plethysmographic  tracing  also  brings  out  more  clearlv  the  prolonged  insjiiratory 
]>hase  due  to  abolition  of  function  of  some  of  the  pulmonary  branches  of  the  vagi. 
It  will  further  be  noted  that  the  closed  system  records  variations  in  the  depth  of 
insi)iration  which  th.e  open  system  is  not  sufficiently  accurate  to  register,  the  one  re- 
cording actual  \olume  changes  and  the  other  being  affected  mostly  by  the  strength 
and  suddenness  of  the  expiratory  blast.  This  closed  system  also  has  the  atlvan- 
tage  of  being  susceptible  of  calibration.  The  changes  in  blood  pressure  occurring 
as  a  result  of  freezing  the  \agi  are  not  apparent  in  the  i>art  of  the  tracing  shown 
as  they  occurred  later. 
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Fig.  6  illuslratcs  arlit'icial  ])ulin()iiai"_\-  NeiUilalion  accomplished  hy  rh}thniic 
changes  of  air  pressure  within  the  plethysni()gra[)li.  It  will  he  noted  thai  the 
first  portion  of  the  tracing  does  not  exliihit  in  the  hlood  pressure  record  the  usual 
respiratory  wa\es.  which,  however,  appear  with  the  commencement  of  artificiat 
respiration  which  is  recorded  in  the  lower  line.  In  this  animal  the  chest  had  heen 
previously  opened. 

In  Fig.  7  sinniltaneous  records  ot  carotid  and  plethysmographic  ])ressures 
are  shown  in  evidence  that  varying  degrees  of  negative  pressure  within  the  ple- 
thysmograph  can  be  accurately  attained  and  held  at  desired  levels  by  the  regulat- 


F'g-  9. — Experiment  of  Jan.  25,  1918.  Medium-sized  dog;  ether  anestliesia.  A,  Carotid  blood  pres- 
sure recorded  by  mercury  manometer;  B,  plethysmographic  pressure  recorded  by  mercury  manometer; 
time  every  second. 

ing  device  (Fig.  4 )  described  previously.     The  profound  effects  ui)on  the  arterial 
blood  pressure  are  strikingly  exemplified. 

Fig.  8  shows  a  rapid  fall  in  the  i)lethysmograi)hic  pressure  from  zero  to 
minus  10  millimeters  of  mercury  and  from  this  ])()int  during  a  ])eriod  of  125 
seconds,  a  further  gradual  fall  to  a  minimum  of  minus  14  millimeters  attained 
immediately  before  the  release  of  the  plethysmographic  pressure.  After  the  ini- 
tial fall,  the  carotid  pressure,  in  spite  of  this  continuously  falling  plethysmo- 
graphic pressure,  shows  a  ]M-(\gressive  ri-e  of  20  millimeters  of  mercury  within  a 
period  of  70  seconds.     This  higher  level  is  maintained  until  the  release  (^f  pie- 
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tliyMn(i^i;i|iliic  |ircs>urc  lo  tlir  atiiKi-plKTic  lc\fl,  when  the  hlofnl  ])rcssurc  nifnints 
nipidlx  t<t  ;i  level  If)  milJiinelers  of  mercury  above  that  maintained  prior  to  the 
experimeiU.  The  rise  in  carotid  pressure  during  the  period  of  jTradually  falling 
plethysmoj^naphic  pressure  has  been  inlei"prcted  by  us  as  due  to  systemic  vaso- 
c<tnslrictii)n.  It  was  to  cniphasi/.e  this  point  tlia'  the  plethysmographic  pressure 
was  j,M-a(lually  decreased  in  this  experiment. 

r>y  the  method  of  exhaustion  with  the  fiaede  pump  anrl  regulation  by  the 
device  we  have  described,  it  is  possible  to  maintain  a  constant  degree  of  negative 
pressure  in  the  plethysmograph  for  any  period  desired.  An  illustrative  record 
of  one  of  the  shorter  periods  is  presented  in  Fig.  9.  In  this  ex[)eriment  a  negative 
pressure  of  S^  ■_,  millimeters  was  maintained  for  a  period  of  80  seconds,  but  the 
results  obtained  are  t\iMcal  of  much  longer  periods.  There  is  an  abrupt  fall  of 
carotid  pressure,  then  partial  rec()\er\-  and  subsequent  slight  fall — constant  phe- 
nomena which  occur  in  \arying  degree,  within  moderate  ranges  of  negative 
pressure.  A  long  period  of  apnea  occurs  as  a  result  of  lung  distention.  In  the 
latter  half  of  the  tracings,  however,  respiratory  efforts  show,  and  also  an  interest- 
ing rise  in  blood  pressure  coincident  with  the  commencement  of  respiration. 

The  fall  in  blood  pressure  noted  in  the  tracings  illustrates  the  profound  cir- 
culatory disturbance  due  to  lung  distention.  With  the  apparatvis  here  described 
these  disturbances  have  been  the  subject  of  in\estigation,  the  results  of  which 
have  furnished  material  which  will  appear  in  a  second  communication. 

We  are  indebted  to  Professor  W.  E.  Garrey  for  helpful  suggestions  and 
criticism. 

SUMMARY 

A  plethysmograph  is  described  which  is  large  enough  to  hold  a  medium  sized 
dog.  It  permits  of  varying  the  distention  of  the  lungs  by  exhausting  the  interior 
air  and  the  degree  of  fall  in  pressure  is  controlled  by  a  device  described  in  the 
text.  Pulmonary  and  carotid  pressures  and  other  circulatory  conditions  as  well 
as  the  pressure  within  the  plethysmograph  may  be  recorded  manometrically.  The 
vagi  and  other  nerves  may  be  frozen  or  stimulated,  the  anesthetic  varied,  and 
artificial  resinration  resorted  to  without  interrupting  the  experiment  or  opening 
the  plethysmograph.  Experiments  showing  some  of  the  applications  and  the 
methods  and  their  results  are  briefly  described. 
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LABORATORY  METHODS 


SIMPLIFIED  GAS  ANALYSIS 

NO.    III.    THE    DISSOCIATION    CURVE    EOR    OXYGEN    AND    THE    CO.-CO:\I  HI  \  I XG    POWER 

OE  BEOOD 


By  I.  T.  R.  MaceEod,  M.P..,  and  R.  S.  Lang,  B.A.,  Toronto,  Canada 


FOR  accurate  determination  of  the  relative  amounts  of  reduced  and  oxyhemo- 
globin in  blood  exposed  to  atmospheres  containing  varying  partial  pressures 
of  oxygen  no  method  surpasses  that  of  Rarcroft  and  his  coworkers.^ 

The  ]irinciple  of  this  method  is  to  expose  a  small  quantity  of  blood  in  a  thin 
tilm  on  the  walls  of  a  relatively  large  cylindrical  vessel  (tonometer)  containing 
a  mixture  of  nitrogen  and  oxygen  gases  until  eriuilihrium  has  become  established 
between  the  partial  pressure  of  the  oxygen  in  the  atmosphere  and  the  absorption 
of  oxygen  by  the  blood.  Some  of  the  blood  is  then  transferred  to  a  bottle  con- 
nected whh  a  differential  manometer  and  shaken  with  dilute  ammonia  water,  by 
which  it  becomes  laked  and  takes  up  its  maximal  load  of  oxygen,  thereby  caus- 
ing shrinkage  in  the  volume  of  air,  the  degree  of  which  is  indicated  by  the  manom- 
eter. The  oxygen-saturated  blood  is  then  shaken  with  ferricyanide  of  po- 
tassium which  dislodges  the  oxygen  and  causes  the  pressure  in  the  bottle  to  rise. 
From  the  displacement  of  the  fluid  in  the  manometer  in  the  two  observations, 
the  percentage  of  saturation  of  the  blood  with  oxygen  is  readily  calculated. 

For  use  by  a  class  of  students  the  method  is  not  practical  because  of  the 
difficulty  of  providing  suitable  mixtures  of  oxygen  and  nitrogen  with  which  to 
fill  the  tonometer  and  because  of  the  expense  of  the  differential  manometer. 
The  first  of  these  difficulties  is  overcome  by  exposing  the  blood  to  a  partial  vac- 
uum instead  of  a  mixture  of  gases,  a  principle  which  has  also  been  applied  by  W. 
G.  Macallum,  who  uses  a  modified  Van  Slyke  pipette  both  as  tonometer  and 
analysis  apparatus.-  The  advantage  of  a  partial  vacuum  over  a  mixture  of  oxy- 
gen and  nitrogen  is  that  the  partial  pressure  of  oxygen  is  readily  calculated 
from  the  degree  to  which  the  tonometer  is  evacuated  as  measured  by  a  barome- 
ter. In  the  present  method  the  blood  after  exposure  to  the  partial  vacuum  is 
transferred  to  a  simple  form  of  differential  blood  gas  manometer  in  which  there 
are  no  glass  stopcocks,  pressure  adjustment  being  made  by  the  use  of  the  pres- 
sure adjuster  described  elsewhere.'^  Even  with  these  simplifications,  the  technic 
is  by  no  means  easy,  but  the  great  importance  of  having  the  student  clearly 
understand  the  principles  of  the  method  used  for  securing  the  data  necessary 
to  ])l()t  the  dissociation  curve  amply  repays  the  time  he  devotes  to  the  experiment. 
Indeed  without  actually  doing  this  experiment,  it  is  the  opinion  of  the  writers  that 
the  average  student  rarely  acquires  any  clear  concei)tion  of  the  respiratory  func- 
tion of  the  blood.  After  he  has  conscientiously  performed  the  experiment,  on  the 
other  hand,  the  whole  jtroblcm  becomes  clearer,  even  alth(nigh   results  that   are 
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alisolulc'Iy  ronccl  iii,i\  nut  lia\c  liccii  ^rcurcd.  A  laboratory  session  of  at  least 
llirc'O  contimiMus  hours  is  rssrnti;il,  and  the  -tudcntN  can  most  ])rotilal)ly  work- 
in  groups  of  lliii-c  each. 

I)i;Sil<ll-TlO.\    (»l'    Till:    Al-I-Ak ATI'S 

The  'roiioiiictcr.  -'V\u^  consists  of  a  wide  j^dass  tulx-  (the  tonometer  T,  I'ig. 
1  )  of  fairly  stout  ,t,dass,  tajjcring  down  to  narrow  tuhes  at  both  ends.  Tiic  capac- 
ity should  he  at  least  200  c.c*  The  narrow  tuhes  are  connected  with  thick- 
walled  (pressure)  rubber  tubing  which  should  be  wired  on  to  the  glass  tubes. 
The  rubber  lubi's  arc-  closed  by  screw  clips   (1   and  2).     I'ile  marks  are  made  at 


Fig.    1. 

one  of  the  tapering  ends  of  the  tonometer,  the  distances  between  them  corre- 
sponding approximately  to  one  cubic  centimeter. 

The  Barometer. — This  consists  of  a  vertical,  thick-walled  glass  tube  about 
1.2.-^  meters  long  and  of  about  3  mm.  bore  bent  on  itself  near  one  end,  and  with 
the  other  end  dipping  into  mercury  contained  in  a  wider  flat-bottomed  (specimen) 
tube  (the  mercury  reservoir)  closed  by  a  perforated  cork.  The  barometer  tube 
and  reservoir  are  ih-nily  mounted  on  a  stand  furnished  with  a  millimeter  scale 
winch  is  attached  to  the  stand  in  such  a  way  that  it  can  be  adjusted  to  bring 
its  zero  to  the  surface  of  mercury  in  the  reservoir,  as  this  varies  at  ditiferent 
pressures.     The  free  end  of  the  barometer  tube  is  connected  by  rubber  pres- 

*It  would  be  preferable  to  use  a  tonometer  two  tiiiies  as' large  since  this  would  diminish  errors  due 
to   the  addition   of  the  gas  given   off  from  the  blood. 
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sure  lul)ing  to  a  glass  'r-|)icce  (//),  one  limb  of  wliich  is  similar!}'  connected  to- 
a  stout-Avalled  (filtration)  flask  (F)  joined  to  a  good  water  puni]^  (P).  A  cap- 
illary tulie  closed  by  a  jiiece  of  rubl)er  tul)ing  and  a  screw  clip  ( .\)  also  passes 
through  the  stopper  of  the  flask. 

The  Differential  Manometer  and  Gas  Bottle. — This  a]')paratus  requires  a 
piece  of  narrow  bored  glass  tul)ing  (bore  1  mm.)  bent  into  a  U-shape  with  one 
limb  about  200  mm.  long  and  the  other  about  150  mm.  {M  in  illustration).  To 
the  shorter  limb  is  connected  a  T-piece  (of  narrow  bore  tubing)  which  should 
be  fused  to  it,  although  rubber  pressure  tubing  is  quite  satisfactory.  One  limb 
of  the  T-piece  is  connected  with  red  rubber  tubing  of  moderately  thick  wall, 
closed  by  a  pressure  adjuster  (Ad)  as  described  elsewhere.*  By  pinching  the 
rubber  tubing  lying  over  the  lateral  hole  of  the  adjuster,  the  manometer  is 
brought  into  communication  with  the  outside  so  that  the  air  in  the  bottle  and 
manometer  are  brought  to  atmospheric  pressure.  The  other  tube  of  the  T-piece 
is  connected  by  pressure  rubber  tubing  with  a  glass  tube  which  passes  through 
a  rubber  stopper  that  accurately  fits  a  small  wide-mouthed  bottle  B  of  about  15 
c.c.  capacity.  Finally  a  small  flat-bottomed  test  tube  15  mm.  high  and  6-7  mm. 
diameter  is  required,  /.  Instead  of  attaching  the  T-piece  to  the  short  limb  of  the 
manometer,  it  may  be  inserted  in  the  rubber  stopper,  one  limb  being  connected 
with  the  manometer— which  in  this  case  simply  consists  of  a  U-tube — and  the 
other  with  the  pressure  adjuster.    The  fluid  used  in  the  manometer  is  clove  oil. 

TRCHNIC    OI*    ANALYSIS 

The  tonometer  is  rinsed  out  with  physiologic  saline  and  is  connected  with 
the  side  tube  of  the  barometer  T-piece  A.  The  pump  P  is  turned  on  with  screw 
clips  1  and  3  closed,  but  screw  clip  2  open  and  the  pressure  lowered  until  the 
mercury  stands  at  a  constant  level  in  the  barometer.  Screw  clip  4  is  closed  and 
the  mercuiy  observed  to  see  whether  there  is  any  leak.  Provided  there  is  none, 
clip  3  is  cautiously  opened  and  the  mercury  allowed  to  fall  almost  to  the  level  in 
the  reservoir  {R)  ;  clip  2  is  tightened,  the  tonometer,  T,  removed,  and  the  pump 
turned  ofif.  Defibrinated  or  oxalate  blood  (whipped  ox  blood  is  most  suitable  for 
large  classes,  but  in  any  case  blood  from  an  etherized  animal  must  not  be  used) 
is  now  sucked  into  the  tonometer,  by  placing  some  of  the  blood  in  a  small  evap- 
orating dish  and  cautiously  loosening  clip  1  with  the  rubber  tube  dipping  into 
the  blood;  5  to  ^  c.c.  of  blood  should  be  allowed  to  enter  the  tonometer.  This 
is  then  reattached  to  the  T-piece  A  of  the  barometer  and  with  clips  2  and  4 
open  (but  1  and  3  closed)  the  pump  is  turned  on  and  the  mercury  allowed  to  rise 
as  far  as  it  will  go,  when  clip  4  is  closed  and  the  pump  turned  off.  Clip  3  is  now 
cautiously  opened  until  there  is  a  partial  pressure  of  about  20  mm.  Hg  oxygen 
in  the  tonometer.! 


*This   Journal,   iv,   69. 

tThis  is  computed  as  follows:  After  suitable  adjustment  the  standard  barometer  in  the  room  is  read 
and  from  the  reading  is  subtracted  the  tension  of  aqueous  vapor  at  the  temperature  of  the  room  (for  ta- 
ble see  page  420  of  this  Journal,  Vol.  III).  The  difference  gives  the  pressure  in  mm.  Hg  of  an  atmosphere 
of   dry   air.      Since   air   contains   20.',  6   per   ocnt    oxygen,   the   jiartial    pressure   of   this    gas   in   the   tonometer 

^0  Of; 
must   be   equal   to  of   the    difference   between   the    height   to    which    the    mercury    is    raised    in    B    and 

the  corrected  barometer  reading.     Thus,  suppose  the  room  barometer  is  753.4  mm.  and  aq.  tension   17.4  mm. 

the  corrected   barometer   reading  is   753.4-17 — 4  =  736   mm.     Then   ^   '    ^  x  736  =  154.2  mm.   0'>. 

2(1  X  736  '"'" 

20   mm.    ()•,=. — ,  .  ,   ,   ■  ==  95.45   mm. 
,,  .  l.")4.2 

I  hat   is   the   mercury   in   the  br.ronutcr   must   be   raised   to    736 — 95.45    640.55   mm, — above    the   level    in    the 
reservoir    (R). 


SIM  I'l.lI'IKI)    CAS    ANALYSIS  567 

W  licn  llu'  iiKTcur)-  has  ri-aihcd  thi>  Ic\c-I,  or  run-  near  it,  (.li])  3  is  closed  and 
the  hcij^'hl  al  which  ihc  nicrcury  stands  very  accurately  noted.  Clip  2  is  then 
closed,  after  which  the  mercury  is  .allowed  to  fall  to  zero  by  fjpening  3.  'H^c 
lonoineler  is  now  remo\ed  and  rotated  ^o  that  the  hloofl  becomes  sjiread  out 
as  a  thin  film  on  the  walls,  after  which  it  is  placed  in  a  water-hath  kept  at  about 
40°  C.  in  which  it  is  constantly  rotated  ffjr  about  15  minutes. 

On  renio\al  from  the  liath  the  ])ressure  in  the  tonometer  must  aj^ain  be  meas- 
ured. For  this  purpose  the  tonometer  is  reattached  tf)  //  and  the  jaimp  is  turned 
on  (with  5  closed)  until  the  mercury  has  risen  t(j  the  level  at  which  it  previously 
stood.  Clip  /  is  closed  and  2  opened.  If  there  has  been  no  leak,  and  time  has 
been  allowed  for  the  tonometer  to  cool  down,  there  will  be  practically  no  dif- 
ference between  the  two  readings.  If  a  difference  of  more  than  5  mm.  is  observed 
it  must  be  noted  and  the  pressure  pre\  ailing  in  the  tonometer  taken  as  the  average 
between  the  two  readings. 

Meanwhile  3  c.c.  of  freshly  prepared  weak  ammonia  water  containing  a  trace 
of  saponin  (0.5  c.c.  aq.  ammonia  in  500  c.c.  water)  has  been  placed  in  the  blood 
gas  bottle  B.  A  pointed  glass  tube  about  30  mm.  long  is  now  attached  to  the 
rubber  tubing  of  the  tonometer  and  this  is  removed  from  the  barometer  and 
held  in  vertical  position  above  the  bottle.  The  screw  clip  2  is  opened  so  that  the 
air  enters  the  tonometer,  the  clip  ] ,  is  then  cautiously  opened  to  let  a  drop  or  two 
of  blood  flow  out  from  the  tip  of  the  glass  tube,*  and  after  closing  it  again  the 
end  of  the  tube  is  wiped  free  of  blood  and  placed  in  the  bottle  so  that  it  dips 
under  the  ammonia  solution.  Clip  1  is  now'  cautiously  opened  and  about  1  c.c.  of 
blood  allowed  to  flow  under  the  ammonia  water.  If  this  is  done  carefully  the 
blood  does  not  mix  with  the  ammonia  water  which  floats  on  the  top  of  it  as  a  layer 
and  so  prevents  any  diffusion  of  oxygen  between  the  blood  and  the  air.  The  bot- 
tle is  firmly  closed  by  its  stopper,  the  pressure  adjuster  being  meanwhile  held  open 
so  that  the  level  of  the  clove  oil  in  the  manometer  is  not  disturbed.  The  bottle 
must  now  be  submerged  in  a  water-bath  containing  water  at  about  room  temper- 
ature, in  which  it  is  left  until,  with  the  adjuster  closed,  no  further  contraction  of 
volume,  due  to  cooling,  is  observed  to  occur. 

The  l)ott]e  is  now  removed  from  the  bath  and  vigorously  shaken  so  that  the 
blood  becomes  laked  and  absorbs  O^  from  the  atmosphere  of  the  bottle.  After  re- 
placing the  bottle  in  the  bath  and  allowing  time  for  cooling  the  difference  be- 
tween the  levels  of  clove  oil  in  the  two  limbs  of  the  manometer  is  noted.  W  iih 
the  adjuster  open  to  the  outside  the  stopper  is  removed  from  the  bottle  and  about 
0.25  c.c.  of  a  freshly  prepared  saturated  solution  of  potassium  ferricyanide  is 
placed  in  the  small  flat-bottomed  test  tube  which  is  then  lowered  by  means  of  a 
forceps  into  the  fluid  in  the  bottle,  without  allowing  any  of  the  ferricyanide  to 
mix  with  the  laked  blood.  After  reinserting  the  stopper  and  cooling,  the  bottle 
is  again  removed  from  the  bath  <uid  ^haken  so  that  the  ferricyanide  by  mixing 
with  the  laked  blood  drives  off  the  loosely  combined  oxygen  and  raises  the  pres- 
sure, which  is  measured  by  the  manometer. 

The  relative  amounts  of  reduced  and  oxy-hemoglobin  present  in  the  blood 
are  proportional  to  the  first  and  second  readings  of  the  manometer;  when  all  is 
reduced  hemoglobin  the  diminished  pressure    (shrinkage)   recorded  in  the  first 

'Enough  blood  sliould  be  run  out  to  bring  the  meniscus  of  blood  in  the  tonometer  to  the  upper 
file   mark. 
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shaking  of  the  hottlc  is  practically  the  same  as  the  increased  pressure  recorded 
in  the  second.  They  will  not  he  exactly  the  same,  since  the  volumes  of  bcjttle 
and  tubing-  in  the  two  cases  are  not  the  same,  but  the  error  thus  incurred  is  in- 
consequential for  most  purposes  (cf.  Boyle's  law). 

The  calculation  of  the  percentage  saturation  of  hemoglobin  with  oxygen  is 
made  by  subtracting  the  first  reading  from  the  second,  dividing  by  the  second 
reading  and  multiplying  by  100.     Suppose  in  the  observation  made  at  20  mm. 
partial  pressure  of  Oo  the  first  reading  is  24  mm.  and  the  second,  108,  then 
108-24 

X  100  =  77.1^/0  HbO  and  22.3%  Hb. 

108 

The  result  must  now  be  plotted  on  coordinate  paper  wdth  the  percentages  of 
HbO  along  the  ordinates  and  the  partial  pressures  of  oxygen  on  the  abscissse. 

The  observation  is  repeated  at  different  pressures  and  by  joining  the  points, 
the  dissociation  curve  for  blood  is  obtained.  Care  must  be  taken  to  see  that  the 
bottle  is  sufficiently  shaken  so  that  the  partly  reduced  blood  absorbs  all  the 
oxygen  and  gives  it  up  again  with  ferricyanide.  It  is  particularly  in  the  latter 
operation  that  care  must  be  taken. 

The  influence  of  carbon  dioxide  in  lowering  the  dissociation  curve  can  be 
readily  shown  by  the  method.  The  procedure  is  as  follows :  After  the  pressure 
has  been  reduced  to  the  desired  degree  in  the  tonometer,  the  latter  is  placed 
in  a  horizontal  position  so  that  the  blood  lies  along  the  walls,  free  of  the  ends. 
A  CO,  generating  apparatus  (Kipp's)  or  a  bottle  containing  this  gas  is  then  con- 
nected by  suitable  tubing  with  the  free  end  of  the  tonometer,  care  being  taken 
before  making  the  connection,  to  fill  the  tubing  with  COj.  To  accomplish  this 
a  slow  stream  of  the  gas  is  maintained  and  the  air  in  the  tubing  beyond  the  screw 
clip  (j?)  is  squeezed  out  before  connecting  with  the  CO,  generator.  The  most 
suitable  partial  pressure  of  CO,  to  work  with  is  40  mm.  which  is  secured  by 
cautiously  opening  screw  clip  1  until  with  clip  2  open,  but  3  and  4  closed,  the 
mercury  descends  through  40  mm.  in  the  barometer.  Clips  1  and  2  are  then 
tightly  screwed  down,  and  the  tonometer  removed,  the  further  procedure  being 
exactly  as  described  above. 

The  effect  of  the  40  mm.  of  CO,  will  be  found  in  the  above  example  where 
a  partial  pressure  of  20  mm.  O,  was  used  to  reduce  the  percentage  of  HbO 
from  77  to  about  35. 

THE    C0,-C0MBINING    POWER    OE    THE    AEKAUNE    RESERVE    OE    THE    BLOOD 

After  completing  the  estimations  necessary  for  finding  the  percentage  of  oxy- 
hemoglobin, in  the  experiments  in  wdiich  CO,  is  present  in  the  tonometer,  it  is  of 
interest  to  determine  the  amount  of  this  gas  with  which  the  blood  has  combined. 
This  will  represent  its  ability  to  act  as  a  buffer  towards  foreign  acids.  To  per- 
form the  estimation  it  is  necessary,  however,  to  measure  accurately  the  amount  of 
blood  which  is  removed  from  the  tonometer  to  the  blood  gas  bottle.  This  can 
readily  be  done  by  attaching  a  1  c.c.  pipette  to  the  tubing  of  the  tonometer  (be- 
yond clip  1),  a  few  drops  of  blood  being  allowed  to  escape  from  the  pipette  be- 
fore delivering  under  the  ammonia  solution  in  the  bottle,  and  precautions  being 
taken  not  to  take  any  of  the  u]>per  layers  of  blood  that  had  been  exposed  to  full 


AN    A1'I'AJ<ATUS    h'i)H    \()I,( '  M  KTK IC    SODIfM     IIVDKATK  569 

ati'nosi)Iicric  incsMirc  wlnii  llic  tDiionicicr  w.'is  opened.     'I'liis  is  flonc  hy  reniovinj( 
tlic  jiipette  from  the  tonometer  before  all  the  l)lf)f)(l  has  run  out. 

To  (lislodfje  the  CO.^  from  the  hlofxl,  the  sto])per  is  renKnerl  witli  the  usual 
precautions  and  ali(»ut  0.25  c.c.  of  a  saturated  solution  oi  tartaric  acid  placed 
in  the  small  test  tube.  After  closinj::^  and  allowinj^  for  temjierature  chanji^cs,  the 
acid  is  shaken  with  the  mixture  of  blood  and  ferricyanide,  and  the  CO.^  thereby 
evolved  measured  by  multiplyinf(  the  disi)lacement  of  the  fluid  in  the  manometer 
by  a  figure  (the  constant  of  the  apparatus)  obtained  by  a  preliminary  experiment 
in  which  a  known  amount  of  a  standard  carlionate  solution  is  similarly  treated. 

Bir.IJOCKAI'll  V 

■"Rarcroft.  Jos.:     The  Kcsiiiratory  Inmctiou  of  llu'   F.lood. 
^Macallum.  W.  O. :     Tour.  .\m.  Med.  Assn.,  1917,  Ixix,  523. 
3Macleod,  J.  J.  R. :     Jour.  Lab.  and  Clin.  Med.,  1918,  iv,  69. 


AN  APPARATUS  FOR  VOLUMETRIC  SODIUM  HYDRATE* 


By  Ralph  R.  Mellon,  M.Sc,  M.D.,  Dr.  P.H.,  Rochester,  X.  Y. 

THE  variabiHty  of  volun:etric  NaOH  solutions  as  a  result  of  the  ease  with 
which  chemical  combination  is  effected  with  COg  of  the  air  is  too  common 
an  experience  to  require  comment.  Accordingly  I  have  devised  an  apparatus  with 
which  it  is  possible  to  keep  such  a  solution  indefinitely.  The  principle,  exceed- 
ingly simple,  makes  use  of  the  difficulty  just  mentioned,  by  freeing  all  air  that 
comes  in  contact  with  the  solution  by  pre\ious  contact  with  a  concentrated  so- 
lution of  the  alkali.  Additional  provision  may  be  made  for  drying  the  same  air 
with  CaClg. 

Given  a  bottle  with  outlet  at  the  base,  a  burette  stand  and  properly  con- 
structed burettes,  anyone  with  a  rudimentary  knowledge  of  glass-blowing  can 
construct  the  apparatus  as  above  represented  in  a  short  time.  The  larger  bottle 
(A)  contains  the  volumetric  solution,  and  the  smaller  one  (B),  the  concentrated 
solution  (10  per  cent)  of  XaOH.  B  has  a  two-holed  rubber  stopper,  one  hole 
being  occupied  by  a  U-tube  (c),  the  inner  end  of  which  is  immersed  in  the  so- 
lution, while  the  outer  end  permits  the  entrance  of  air  to  be  freed  from  COo  in 
its  passage  through  the  10  per  cent  XaOH.  The  other  hole  of  the  bottle  is  oc- 
cupied by  a  straight  piece  of  glass  tubing,  the  inner  end  of  which  is  not  in  con- 
tact with  the  solution,  while  the  outer  end  leads  to  a  filled  CaCU  tube,  by  way 
of  a  flexible  rubber  tube  (</).  A  gas-washing  bottle  of  any  convenient  size 
could,  of  course,  be  used.f 

The  large  bottle  (.  /  )  has  a  one-holed  rubber  stopper  which  admits  a  glass 
(T),  the  lateral  branch  of  which  anastomoses  with  the  CaCL  tube;  the  other 

*From    the    Department   of    Laboratories,    Ilalincmann    Hospital,    Rochester,    X.    V. 

tA  very  helpful  criticism  of  this  apparatus  has  been  made  by  a  friend  who  has  used  a  similar  type. 
His  experience  has  occasionally  been  that  the  expansion  of  the  air  above  the  solution  forces  the  con- 
centrated XaOII  out  of  the  U-tube  (C).  I  have  never  had  this  experience,  although,  as  he  says,  my  ap- 
paratus may  not  be  completely  air-tight;  yet  the  contained  solution  has  never  shown  visible  precipitate  in 
the  course  of  a  year.  In  his  own  apparatus  he  is  using  a  simple  device  remedying  this  defect,  but  I  do 
not   feel   at   liberty   to   appropriate   it. 
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hrancli,  after  beini;'  bent  at  rii^iu  angles,  loads  to  llie  dischargini;^  l)iirelte  (H). 
Of  the  two  openings  at  the  bottom  of  the  latter,  one  is  an  outlet  provided  with 
a  glass  stopcock  (s),  the  other  an  inlet  similarly  equipped,  which  receives  the 
solution  from  tlie  outlet  (o)  at  the  base  of  bottle  .■/.  These  o]ienings  are  con- 
nected by  a  piece  of  rubber  tubing  wired  on  at  either  end,  and  provided  with  a 
clamp  as  an  additional  precaution.  The  upper  end  of  burette  B  admits  a  one- 
holed  rubber  stopi)er.  which  in  turn  gi\es  ])assage  to  a  T-shaped  glass  tube  (P). 
Both  branches  of  the  7'  cnitside  the  burette  are  bent  at  right  angles,  one  connect- 
ing with  the  free  arm  of  the  glass  T  in  Bottle  A  by  rubber  tubing,  the  other  at- 
tached to  a  piece  of  rul)l)er  tubing  kept  tightly  closed  with  a  Hoffman  clamp. 
Burette  H  is  held  by  clamp  of  stand  H,  in  which  T  find  it  convenient  to  have  an 
additional  empty  burette. 


W- —  V 

Fig.   1. 

The  apparatus  is  wholly  portable.  The  flexible  rubber  tube  (d)  in  bottle 
B  makes  it  possible  to  hold  both  bottles  in  the  right  hand,  while  the  standard  of 
the  burette  stand  may  be  grasped  with  the  left  hand.  This  is  of  advantage,  es- 
pecially when  it  is  necessary  to  replace  the  CO,  containing  air  above  the  solution 
and  in  the  connecting  tubes  with  CO2  free  air.  This  is  only  necessary  when  the 
NaOH  solution  is  first  put  in  bottle  A.  At  this  time  the  apparatus  can  be  carried 
to  the  aspirator,  to  which  it  is  connected  by  tube  (k).  The  aspiration  is  contin- 
ued until  the  air  from  k  reacts  negatively  with  BaCL.  This  test  is  made  by  at- 
taching temporarily  a  rubber  tube  to  U-tube  C,  immersing  tube  k  in  BaCU  solu- 
tion, into  which  the  contained  air  is  forced  by  blowing  into  U-tube  (c).  The 
glass  connecting  tubes,  including  the  one  containing  the  CaCL,  we  readily  made 
with  a  blast  lamp. 


TECHNIC  FOR  Till-:  WASSERMAXX  RKACTIOX* 

IV  j(.ll.\    II.   I.AKKIX.  M.I)..   Lko.x    II.  Cousw.wj.,   M.I).,  .\su  I.  j.  Lkvv,  M.I). 

New  York  Citv 


^T'ill^  following  lechnio  is  employed  at  the  City  Hospital  Pathological  Lahfjra- 
-^  torics  in  })crforming  tlir  W  asscrmann  reactions.  It  is,  in  its  essential  details, 
tlie  \\  assermann-Citron  tcchnic.  with  certain  modifications  in  accordance  with 
the  more  recent  research  advances  in  this  field. 

VOLUMK 

The  total  volume  of  the  reactions  is  2.5  c.c,  heing  one-half  the  amount  of 
the  original  \olume  used  In-  W'assermann  and  his  coworkers.  Each  ingredient 
is  diluted,  in  accordance  with  preliminary  titrations,  so  that  for  the  test  .5  c.c.  of 
each  ingredient  is  added.  The  figures  given  below  apply  to  the  original  W'asser- 
mann amounts,  and  for  their  application  to  our  work  are  divided  by  two. 

PREPAR.VTIOX   OF   SERA 

Blood  sera  are  sent  to  the  laboratory  on  the  afternoon  of  the  day  previous 
to  that  on  which  tests  are  performed.  They  are  allowed  to  coagulate  and  stand  at 
room  temperature  from  one-half  to  two  hours.  The  clots  are  then  carefully  sep- 
arated from  the  sides  of  the  tubes  with  a  fine  sterile  wire  and  the  tubes  placed 
in  the  ice  chest  overnight.  On  the  following  morning  the  sera  are  poured  ofif  or  pi- 
petted from  the  clots,  centrifugalization  being  resorted  to  only  in  cases  where  the 
sera  are  not  clear  and  free  from  cells. 

All  sera  are  inacti\ated  in  a  water-bath  at  55°  C.  for  one-half  hour. 

HEMOLYTIC  SYSTEM 

The  hemolytic  system  consists  of  sheep  cells  and  antisheep  hemolytic  ambo- 
ceptor derived  from  rabbits. 

CORPUSCLES 

Corpuscles  are  obtained  fresh  from  an  abattoir  on  the  day  previous  to  that 
on  which  the  tests  are  performed.  The  whole  blood  is  collected  in  a  sterile  glass 
bottle,  tightly  stoppered  and  containing  glass  beads.  It  is  dofibrinated  by  gentle 
shaking  for  fifteen  to  thirty  minutes.  After  defibrination  it  is  filtered  through 
twelve  thicknesses  of  sterile  gauze  to  remove  any  small  clots  of  fibrin  including, 
in  their  meshes,  cells.  The  filtrate  is  placed  in  15  c.c.  centrifuge  tubes  and  cen- 
trifuged  four  times  at  high  speed.  The  first  centrifugalization  is  for  25-30  min- 
utes. The  jntre  serum  is  then  pipetted  off  and  the  cells  well  mixed  with  .9  per 
cent  sterile  saline.  The  second,  third  and  fourth  centrifugalizations  are  for  25, 
15  and  15  minutes  respectively,  the  saline  being  pipetted  off  and  fresh  saline 
added  each  time.     Samples  of  blood  showing  anv  hemoglobin  tinge  in  the  super- 


•Tliis  article   is  published   as  a   supplement   to  "The   N'alue  of   the   Wasserniaim   Reaction.     A   Reply," 
published  in  joui'.  Am.   Med.  Assn.,  June,   1,   1918,  p.    1589. 

From    the-    I'athological    Laboratories,    City    Hospital.    Xew    York    City 


572 


THR    lOURNAI.    OF   LABORATORY    AND   CLINICAL    MIvDICINE 


natant  saline  alter  the  third  or  fourth  centrifugahzation  are  discarded.  The 
washed  corpuscles  are  placed  in  the  ice  chest  overnight,  and  on  the  following 
morning  a  5  per  cent  suspension  of  the  packed  corpuscles  is  made  up  for  titrations 
and  tests. 

COMPLEMENT 

Guinea  pig  complement  is  obtained  by  bleeding  to  death  from  the  carotid 
artery  from  three  to  five,  preferably  the  latter,  animals.  Average-sized  animals, 
250  to  500  grams,  are  selected  when  this  is  possible,  and  they  are  not  fed  for  at 
least  twel\c  hours  before  the  bleeding.  Unnecessary  excitement  of  the  animals 
is  avoided.  The  complement  is  obtained  in  the  late  afternoon  preceding  the  day 
of  the  tests.  It  is  allowed  to  coagulate  at  room  temperature;  the  clot  is  sepa- 
rated with  a  small  sterile  wire,  and  the  containers  (15  c.c.  centrifuge  tubes)  are 
placed  in  the  ice  chest  overnight.  On  the  following  morning  the  serum  is  pi- 
petted ofif  and  centrifuged  once  at  high  speed,  until  all  cells  are  thrown  down. 
It  is  then  pipetted  to  another  sterile  container  and  place^d  in  the  ice  chest  until 
used.  This  usually  yields  a  clear,  slightly  yellowish  serum.  A  slight  hemoglobin 
tinge  is  of  no  particular  importance. 

AMBOCEPTOR 

The  antisheep  hemolytic  amboceptor  is  placed  in  small,  sealed  sterile  am- 
pules after  inactivation  at  56°  C.  for  one-half  hour.  Each  ampule  contains  ap- 
proximately 5  c.c,  and  they  are  kept  in  the  ice  chest  near  the  ice. 

PRELIMINARY    TITRATION    OF    HEMOLYTIC    SYSTEM 

Amboceptor. — Each  batch  of  amboceptor  is  tested  for  its  hemolytic  titer 
with  1  c.c.  of  1 :10  dilution  of  complement  from  3-5  guinea  pigs  and  1  c.c.  of 
5  per  cent  sheep  cell  suspension.  This  titration  is  repeated  on  four  or  five  oc- 
casions Avith  different  batches  of  complement  and  the  average  minimal  amount 


Table  I 
Titration    of    Axtisheep    Hemolytic    Amboceptor — Rabbit    Immune    Serum 


TUBE     NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Amboceptor    1 :500 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

2.0 

0.0 

0.0 

Saline    .97o 

0.5 

.55 

0.6 

0.65 

0.7 

0.75 

0.8 

0.85 

0.0 

0.0 

0.0 

Complement   1:10 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.0 

1.0 

0.0 

Saline  .9% 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

3.0 

4.0 

Cells,     5%     emul- 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

sion 

Incubation,  water- 

bath.  1  hr., 

37.5°  C. 

Resulting  hemol- 

ysis 

C 

C 

c 

C? 

marked 

med. 

si. 

0 

0 

0 

0 

which  causes  complete  hemolysis  (perfectely  clear  red  solution  with  no  turbidity 
or  sedimented  cells)  at  the  end  of  one  hour  in  the  water-bath  at  37.5°  C.  is  re- 
corded as  the  unit  titer  for  that  amboceptor.  Before  each  group  of  reactions  the 
titration  of  the  amboceptor  is  repeated  with  the  pooled  complement  of  that  day 
as  a  check.    Table  I  illustrates  the  order  used  for  the  addition  of  the  ingredients 
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for  tlu'  tilr.'ilidii  nf  the  anihoccpior  hct'orc  c'\cry  scries  of  tests.     For  the  reaction 
two  units  are  always  enii)loye(l. 

Complement. — Each  hatcli  of  pooled  conipleincnt  is  titrated  against  an  ex- 
cess (2  units)  of  amboceptor,  the  unit  of  amhoceptor  ha\ing  heen  previously 
determined,  as  described  above.  One  unit  of  comitiement  is  that  amount  which 
produces  complete  hemolysis  (perfectly  clear  red  solution  with  no  turbidity  or 
sedimentcd  cells)  at  the  end  of  one  hour  in  the  water-bath  at  37. 5"^  C.  Table  II 
illustrates  the  order  used  for  the  addition  of  the  ingredients  in  the  complement 
titration.     For  the  reaction  two  units  are  employed. 

One  actual  unit  of  amboceptor  on  the  basis  of  the  above  titration  lies  be- 
tween .35  and  .4  c.c.  of  the  dilution  of  amboceptor  employed  (1:500).  For 
practical  purposes  .35  might  safely  be  used,  but  4  is  taken  to  be  the  full  unit,  and 
the  amboceptor  is  diluted  1-625  and  1  c.c.  of  that  dilution  added  for  the  test,  this 
being  the  equivalent  of  .8  c.c.  of  1-500  dilution  or  two  full  units.  As  stated,  for 
practical  purposes,  .35  c.c.  of  the  1 :500  dilution  is  one  unit  and  .7  c.c.  two  units, 
so  that  the  1  c.c.  of  the  1 :625  dilution,  employed  in  the  reaction,  represents  prac- 
tically three  units. 

The  method  given  below  for  the  readings  of  the  degree  of  hemolysis  will 
illustrate  that  complete  hemolysis  is  that  degree  which  results  in  a  perfectly 
clear,  red  solution  with  no  turbidity  or  sedimented  cells  at  the  end  of  the  pre- 
scribed period  of  one  hour.  Slight  differences  occur,  if  identical  titrations  are 
done  in  duplicate  at  the  same  time,  by  the  same  person  and  with  the  same  reagents. 
In  other  words,  a  certain  latitude  must  be  allowed  for  the  unavoidable  error  in 
the  standardization  of  pipettes  and  for  the  human  error  that  can  not  be  compen- 
sated for.    The  same  remarks  apply  to  the  complement  titration  shown  in  Table  II. 

All  amboceptor  dilutions  are  made  from  one  original  dilution  of  1 :1000,  a 
sufficient  amount  of  this  being  made  for  the  day's  work. 

All  complement  dilutions  for  titrations  are  made  from  one  original  dilution 
of  the  pooled  complement  of  1  :5. 

So  far  as  feasible,  the  same  pipette  is  used  for  diluting  the  amboceptor  and 
for  adding  it  to  the  several  tubes.  The  same  precaution  is  also  taken  in  adding 
the  complement  to  the  tubes  of  the  complement  titration. 

Saline  from  one  flask  containing  a  sufticient  amount  for  one  day's  work  is 
employed  for  all  titrations  and  tests.  So  far  as  feasible,  but  one  pipette  is  used 
for  saline. 

Table  II 
Titration  of  Complement 


TUBE    X'O. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Complement 

1-10 

0.8 

0.6 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

1.0 

2.0 

3.0 

Saline  .9% 

0.2 

0.4 

0.5 

0.55 

0.6 

0.65 

0.7 

0.75 

0.0 

0.0 

0.0 

Amboceptor 

1-625 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

Saline  .97o 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

3.0 

2.0 

1.0 

Cells  5% 

Emulsion 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Incubation 

water-bath    1 

hr.     at    37.5° 
C. 
Resulting 

... 

... 

hemolysis 

C 

C 

C 

C 

C? 

marked 

nied. 

si. 

0 

0 

mod. 
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Willi  two  full  units  of  anihoceiitor  as  detcrnimed  by  the  titration  in  'J'ablc  I 
one  full  unit  of  complonv'nt  fcjuals  .45  c.c.  of  a  1:10  dilution.  For  the  reaction 
.9  c.c.  of  a  1  :10  dilution  is  employed.  The  actual  unit  of  complement  as  deter- 
mined from  the  above  titration  lies  between  .4  and  .45  c.c.  We  do  not  consider 
that  a  greater  number  of  dilutions  are  feasible  for  practical  work.  From  a 
practical  standpoint  .4  c.c.  of  the  1  :10  dilution  represents  one  unit  and  .9  c.c.  ap- 
proximately 2' 4  units. 

Ingredients  are  added  in  the  order  shown  in  the  tables  above.  After  the 
addition  of  each  ingredient,  the  mixture  is  thoroughly  shaken.  For  the  test  each 
ingredient  is  made  up  in  such  dilution  that  1  c.c.  of  each  is  added,  with  the  ex- 
ception of  the  complement.  During  the  incubation  of  the  titrations  and  tests  the 
tubes  are  shaken  at  hf teen-minute  intervals. 

Controls  are  made  for  the  following: 

Tsohemolylic   activity   of     amI)ocei)tor  in  excess  (5  units)  Tul)e     9,  Table  I 

"                     "          "      saline                                                      "       11,  "  I 

"                    "         "      complement                                         "       10,  "  I 

9,  "  II 

"       10,  "  II 

"       11,  "  II 

Complements  which  show  any  more  than  a  slight  isohemolytic  activity  in  an 
amount  slightly  in  excess  (.2  c.c.  of  1  :10  dilution)  of  the  amount  that  represents 
two  units  or  that  are  of  very  weak  hemolytic  activity  (.8  c.c.  of  1  :10  dilutions) 
with  the  excess  of  amboceptor  are  discarded. 

The  following  method  is  used  for  readings  of  hemolysis : 

Clear,    red,   no    turbidity   or    sedimented   cells — complete  ....    or  4-plus  hemolysis    (100%) 

Slight  turbidity,  but  no  cells — complete?  or  4-plus?  "         (100%?) 

Turbidity  with  few   (25%)   cells— marked  or  3-plus  "              (75%) 

50%    sedimented    cells— moderate  or  2-plus  "              (50%) 

75%            "                 "     —slight  ....   or   1-plus  "              (25%) 

100%  "  ■"     —none  or  0 

ANTIGEXS 

Three  antigens  are  employed  routinely:  (1)  a  cholesterin  reinforced  anti- 
gen, either  human  or  guinea,  pig  heart;  (2)  an  alcoholic  extract  of  beef,  guinea 
pig  or  human  heart;  (3)  an  alcoholic  extract  or  Noguchi  acetone-insoluble  lip- 
oidal  antigen. 

As  is  well  known,  antigens  made  at  different  times  and  by  dififerent  methods 
or  with  different  tissues  vary  greatly  in  their  fixing  property.  It  is  usually  true 
in  our  work  that  we  have  antigens  with  varying  degrees  of  fixing  power.  The 
first  antigen  is  always  the  strongest  and  the  second  and  third  respectively,  weaker. 
In  this  manner  we  can  estimate  the  relative  strength  of  positive  reactions.  New 
antigens  are  never  used  for  routine  work  until  their  comparative  strengths  have 
been  tested  out  with  old  antigens  of  known  strength,  with  from  two  to  five  hun- 
dred different  blood  sera. 

METHOD  OF  ANTIGEN   PRErARATlON 

Ciulnca  Pig  Heart. — 1.  Hearts  are  removed  and  dissected  free  from  fat  and 
other  extraneous  tissue.     They  are  washed  free  from  blood  in  .9  per  cent  saline. 
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2.  Washed  lu-arls  ari'  jilaiHd  in  ahsolutc  alcohol  and  kept  at  ivKim  tempera- 
ture, until  appr<ixiinalcl\    KX)  have  l)ccn  collected. 

3.  Alcoliol  is  ponriNl  dH';  hearts  are  finely  minced;  flried  and  weighed. 

4.  Ahsolute  alcohol  is  added  in  the  ])ro|tortion  of  ten  \olumes  to  fme  volume 
•of  heart   tissue,  u-^inir  llu'  alcohol  iu   which   the  hearts  were  originally  collected. 

5.  The  alcoholic  extract  is  placed  in  the  thermostat  at  VJ .V"  C.  for  14-21 
days,  lieins^"  shaken  at  least  once  daily. 

().  The  alcoholic  solution  i^  filtrated  off  and  the  antij^'en  titrated  for  its  an- 
tigenic, anticoniplementar\-  and  hemolytic  doses. 

Alcoholic  extracts  of  liuman  and  beef  hearts  are  prepared  in  the  same  man- 
ner as  those  of  guinea  pig  hearts,  w  ith  the  omission  of  step  two  and  the  first  part 
of  step  three.  Acetone-insoluble,  ether-soluble  lipoidal  antigens  are  prepared 
in  accordance  with  the  method  outlined  In-  Xoguchi. 

Alcoholic  extracts  are  reenforced  by  the  addition  of  .4  per  cent  Kahlbaum's 
cholesterin.  Small  quantities  of  alcoholic  extracts  are  reenforced  with  choles- 
terin  at  frequent  intervals,  so  that  they  are  used  up  within  from  three  to  four 
Aveeks. 

ANTIGEN    TITRATIONS 

All  antigens  are  tested  for  the  minimal  antigenic,  anticomplementary,  and 
hemolytic  doses.  It  is  not  considered  necessary  here  to  detail  the  protocols  for 
these  titrations.  With  cholesterinized  antigens  the  dose  employed  in  the  test  is 
from  live  to  twenty  times  the  minimal  antigen  dose,  or  that  dose  producing 
complete  inhibition  with  several  (3-5)  pooled  positive  sera.  The  precaution  is 
taken  to  select  sera  that  are  not  anticomplementary  in  double  the  amount  used 
for  the  test  (.4  c.c),  and  that  have  no  natural  antisheep  amboceptor.  Xo  more 
than  one-tifth  the  anticomplementary  or  hemolytic  dose  of  cholesterinized  anti- 
gens is  ever  used.  The  latter  factor  seldom  renders  any  of  our  antigen  useless, 
but  the  anticomplementary  feature  is  of  the  utmost  importance. 

An  average  titration  of  our  cholesterin-reenforced  guinea  pig  heart  and  hu- 
man heart  antigens  is  represented  as  follows : 

Minimal   antigenic   dose    (witli   pooled  positive   sera)  0.005  c.c.  of  undiluted  antigen 

Anticomplementarv  dose  0.3.T 

Hemolytic  dose  '^'•-^^ 

For  the  reaction  1  c.c.  of  a  1  :20  dilution  (the  eciuivalent  of  .05  c.c.  of  the 
undiluted  antigen)   is  employed. 

In  the  case  of  simple  alcoholic  extracts  and  Xoguchi  antigens  the  dose  m  the 
test  represents  two  or  three  times  the  minimal  antigenic  dose,  and  never  more 
than  one-half  the  minimal  anticomplementary  dose.  In  practice  our  antigens 
have  such  wide  differences  between  the  antigenic  and  aiuicomi^lementary  doses 
that  the  limits  are  much  greater  than  this. 

The  order  for  the  addition  of  ingredients  in  the  titrations  of  antigen  is  as 
follows : 
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For  antis2onic  dose 


Antigen,  phis   saline,  1   c.c. 

Pooled  positive  serum, 

plus  saline,  1   c.c. 

Complement,  plus  saline, 

(2  units)  1   c.c. 

Incubation  water-bath    1    hr. 

at  37.5°  C. 
Cell  suspension  5  per  cent 
Amboceptor    (2  units) 
Sensitized  for  y^  ^'^'''^ 

in  water-bath 


Z  c.c. 


For  anticomplementary  dose  the  same  with  the  omission  of  positive  serum, 
the  total  volume  being  made  to  5  c.c.  with  saline. 

For  hemolytic  dose  the  same  with  the  omission  of  positive  serum  and  am- 
boceptor, the  total  volume  being  made  to  5  c.c.  with  saline. 

REACTION 

1.  The  original  Citron  method  of  using  two  tubes  for  the  reaction  proper, 
the  second  tube  containing  one-half  the  dose  of  antigen  and  serum  used  in  the 
first  tube  has  been  followed  for  the  first  two  antigens.  With  the  third  antigen 
only  one  tube  w^ith  the  full  dose  of  antigen  and  serum  is  used.  Each  serum  is 
controlled  for  its  anticomplementary  property  wnth  double  the  amount  used  in  the 
test  proper. 

2.  Owing  to  the  necessity  of  conserving  reagents,  the  Citron  method  has 
been  modified  to  the  extent  of  omitting  the  second  tube  in  all  recent  work. 

Metal  racks  with  two  rows  are  used,  and  the  tubes  are  set  up  as  follows : 


Alcth 

Jd  I 

antigens  ; 

single 

tub( 

Front  row 

1 

2 

"1 

1.0  c.c. 

1.0 

1.0 

0.0 

0.0 

0.0 

0.2 

0.2 

0.2 

0.8 

0.8 

0.8 

0.9 

0.9 

0.9 

0.1 

0.1 

0.1 

Back 

row 

1 

2 

3 

0.5 

0.5 

0.0 

0.5 

0.5 

1.0 

0.1 

0.1 

0.4 

0.9 

0.9 

0.6 

0.9 

0.9 

0.9 

0.1 

0.1 

0.1 

Tube 

Tube  No. 

Antigen 

Saline 

Serum 

Saline 

Complement  1 :10 

Saline 

Incubation  for  1  hour  in  water-bath  at  37.5°  C. 
Cell  suspension  5%  Am-1  Equal  parts  of  cell  suspension  and  amboceptor 
boceptor  diluted  so  that  r sensitized   in  thermostat   for  one-half   hour  2 
1  c.c.  equals  2  full  units.  J  c.c.  to  each  tube. 

Incubation   until   controls   completely  hcmolyze ;    usually  20   to   30   minutes. 

First  reading  immediately. 

Second  reading  after  standing  overnight  at  room  or  ice  box  temperature. 
2.   Method   identical   with   that   detailed   above,   with   the   exception   of   the   omission   of 
tubes  1  and  2  in  back  row,  two  antigens  being  placed  in  the  front  row ;  viz.,  a  cholesterin  and 
alcoholic  extract;  one  antigen  placed  in  first  tube  of  back  row;  viz.,  another  alcoholic  extract 
or  a  Noguchi  antigen ;  serum  control  placed  in  second  tube  of  back  row. 
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W  illi  llu'  Mcilioil  I  tliL'  Citron  melliod  of  degree  reading  is  used  for  llie  first 
two  antigens  (Antigen  1  clioloterinized  Antigen  2  strongest  noncholesterin- 
ized  antigen,  either  sample  alcoholic  extract  or  Xoguchi  i,  and  merely  a  positive 
or  negative  reading  on  third  antigen. 

With  Method  1 1  the  Citron  method  lias  heen  modified  so  that  the  weaker  anti- 
gen used  in  the  second  tuhe  is  considered  as  though  it  were  the  same  as  the  half 
amount  of  antigen  and  serum  tuhe  (back  row  1  and  2)  of  the  original  method. 

iXTlCRl'KIiTATION    OF    WASSER.MAXX    RlvADI.XGS 

The  readings  of  antigen  No.  3  (See  Method  I)  are  omitted  because  they  are 
always  weaker  than  those  of  the  second  antigen.  Many  of  the  combinations 
shown  above  occur  seldom,  or  never,  the  second  antigen  in  practically  every  case 
giving  complete  hemolysis  in  the  reaction  before  there  is  any  hemolysis  shown 
with  the  cholesterinized  antigen  (No.  1). 

Method  I 


ANTIGEN     NO.     2 

antige> 

.'     NO.     3 

ANTIGEN    NO. 

1 

NEXT     WEAKER 

SECOND 

WEAKER 

INTERPRETATION 

CHOEESTERINIZED 

ANTIGEN 

ANTIGEN 

4-plus 

Very     strongly     positive 

4-plus 

3-plus 

"             "                   " 

4-plus 

2-plus 

«             ((                  If 

4-plus 

1-plus 

Strongly    positive 

4-pIus 

Doubtful 

"                " 

3-plus 

3-plus 

"                " 

3-plus 

2-plus 

((                « 

3-plus 

1-plus 

i<                << 

3-plus 

Doubtful 

"                " 

4-pIus 

Negative 

Positive 

3-plus 

Negative 

" 

2-plus 

2-plus 

2-plus 

1-plus 

Weakly  positive 

2-plus 

Doubtful 

" 

2-plus 

Negative 

«                                  K 

1-plus 

1-pIus 

Very  weakly  positive 

1-plus 

Doubtful 

"           "                " 

1-pIus 

Negative 

"           " 

Doubtful 

Doubtful 

Doubtful 

Doubtful 

Negative 

" 

Negative 

Negative 

Negative 

Method 

II 

ANTIGEN     NO. 

1 

ANTIGEN    NO.  2 

CHOLESTERINIZED 

NEXT   WEAKER  ANTIGEN 

INTERl'RETATIOX 

(ONE  tube) 

(one  tube) 

2-plus 

2-plus 

4-pIus 

.  . .   \'cry   strongly  positive 

2-plus 

1-plus 

3-pIus 

. . .   Strongly  positive 

2-plus 

Doubtful 

2-plus 

. .  .   Positive 

2-plus 

Negative 

2-plus 

" 

1-plus 

Doubtful 

1-plus 

.  .  .   Weakly  positive 

1-plus 

Negative 

1-plus 

. .  .    \'ery  weakly  positive 

Doubtful 

Negative 

p 

. .  .    Doubtful 

Negative 

Negative 

- 

. . .    Negative 
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CONTROLS    KM  I'l.OVKl)    IX    TITRATION 

1.  Amboceptor  for  isol:cmolytic  activity. 

2.  Complement  for  isobcmolytic  activity. 

3.  Saline  for  isolicmolytic  activity. 

CONTROLS    K.\rrLOVKD    IN    REACTION 

1.  Each  serum  for  anticomplemenlary  pr()i)erty  in  double  amount  used  in 
test. 

2.  Positive  luetic  serum. 

3.  Negative  or  normal  serunL 

4.  Cholesterin  antigen  for  anticomjilementary  property  in  five  times  amount 
used  in  test. 

5.  Simple  alcoholic  extracts  and  Noguchi  antigens  in  double  or  triple 
amounts  used  in  test. 

In  order  to  completely  duplicate  in  prelimin.ary  titraticjns  the  conditions  of 
the  actual  W'assermann  test,  two  procedures  are  now  followed  which  are  not  in- 
dicated in  the  description  and  protocols  above.  Com])lement  is  placed  in  the  in- 
cubator for  one  hour  before  its  use  in  titrations  of  the  hemolytic  system,  and  the 
amboceptor  and  cell  suspensions  are  sensitized  for  one-half  hour  before  hemo- 
Ivtic  titrations. 


A  METHOD  FOR  PRESERVING  A  SHARP  SCALPEL  IN  EXPERI- 
MENTAL SURGERY* 


By  F.  C.  Mann,  M.D.,  Rochester,  Minn. 


ONE  of  the  problems  in  the  mechanics  of  surgery  is  to  maintain  instruments  in 
good  working  condition.  In  experimental  surgery  it  has  been  found  difficult 
to  keep  a  good  edge  on  scalpels,  mainly  due  to  the  fact  that  section  of  the  animals' 
skin  dulls  the  edge  of  the  knife.  This  problem  is  solved  by  obtaining  a  cheap 
knife  to  make  all  skin  incisions.  A  high  grade,  all  metal,  small  paring  knife  has 
been  found  to  suit  our  purpose.  These  knives  are  made  in  various  shapes  so  that 
almost  any  style  can  be  obtained.  They  sharpen  readily  and  are  quite  strong.  As- 
they  are  composed  entirely  of  metal  they  withstand  boiling.  They  usually  can 
be  used  three  or  four  times  before  they  need  to  be  retouched  on  the  stone. 

The  present  technic  for  making  an  incision  is  as  follows :  x\fter  the  usual 
preparation,  the  skin  and  fascia  are  cut  with  one  stroke  of  the  paring  knife  which 
we  term  the  "skin  knife."'  The  sharp,  heavy  blade  of  the  knife  makes  a  sure, 
clean  incision  possible.  As  soon  as  the  skin  incision  is  made,  the  knife  is  dropped 
in  the  pan  for  used  instruments  and  after  catching  the  bleeding  points  and  plac- 
ing the  skin  towels  in  position  the  rest  of  the  incision  is  made  with  the  regular 
scalpel.  While  the  knife  was  obtained  for  the  purpose  of  saving  the  edges  of 
the  scalpels,  it  also  makes  possible  another  j^oint  of  technic  which  some  surgeons 
hold  important,  namely,  the  use  of  a  scalpel  which  has  not  passed  through  the 
skin  for  the  deep  part  of  the  incision. 

*From   the   Division   of   Experimental    Sur'gery   and    I'atliology,    Mayo    Clinic. 


The  Journal  of 

Laboratory  and  Clinical 

Medicine 


Vol.  IV.  JUNE,  1919  No.  9 

Editor-in-Chief:  VICTOR  C.  VAUGHAN,  M.D. 

Ann  Arbor,  Mich. 

ASSOCIATE  EDITORS 

Dennis  E.  Jackson,  M.D.  -        -      Cincinnati 

Hans  Zinsser,  M.D.     -  -        ■          New  York 

Paul  G.  Woolley,  M.D.  -        -      Cincinnati 

Frederick  P.  Gay,  M.D.  -        -  Berkeley,  Cal. 

J.  J.  R.  Macleod.  M.B.   -  -        -          Toronto 

Roy  G.  Pearce,  M.D.  -        -        -  Cleveland 

Roger  S.  Morris,  M.D.  -  -        -      Cincinnati 

Gerald  B.  Webb,  M.D.  -     Colorado  Springs 

E.  E.  Southard,  M.D.    .  -        -        -    Boston 

Contents  of  this  Journal  Copyright,  1919,  by  The  C.  V.  Mosby  Company— All  Rights  Reserved 
Entered  at  the  Post  Office  at  St.  Louis,  Mo.,  as  Second-Class  Matter 


EDITORIALS 


The  Negro  Population 

THE  Census  Ikirtau  has  issued  a  most  interesting  volume  on  the  negro 
population  of  this  country  from  1790  to  1915,  a  period  of  125  years.  At  the 
beginning  of  this  period  there  were  757,208  negroes  in  this  country  with  239  for 
every  1000  of  the  white  population.  Up  to  1808  the  negroes  were  increased  by 
importation,  but  the  i)roportion  to  the  whites  has  constantly  decreased.  Since 
1910  neither  immigration  nor  emigration  has  been  great  enough  among  negroes^ 
to  materially  afifect  the  number  and  the  increase  has  been  wholly  due  to  native 
births.  In  1910  the  number  of  negroes  was  9,827,763  and  for  ever\-  1000  whites 
there  were  120  negroes.  The  percentage  of  increase  in  the  succeeding  decennial 
periods  has  gradually  fallen  from  30.5  in  1830  to  11.2  in  1910.  Although  the 
percentage  increase  fell  off  from  period  to  period  the  lower  percentages  for 
the    later    periods    represent    larger    absolute    additions    to    the    population. 

In  1790  the  negro  population  of  Virginia  numbercil  305,493,  making  two- 
fifths  of  the  total  in  the  United  States.  In  the  same  year  the  negroes  in  Xew 
York  numbered  25.97^.  this  state  being  sixth  in  the  list.     In  1860  \'irginia  still 
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had  the  lead  with  a  negro  population  of  548,907  and  was  followed  in  order  by- 
Georgia,  Alabama,  Mississippi,  and  South  Carolina,  each  of  wliich  bad  more 
than  400,000.  In  tbe  census  of  1870  and  in  each  succeeding  census  Georgia  bas 
stood  at  tbe  bead  of  the  list  Vvitb  a  negro  population  in  1910  of  1,176,987.  In  the 
South  as  a  whole  29.8  per  cent  of  tbe  population  in  1910  was  negro;  in  tbe  North 
1.8  per  cent,  and  in  the  West  0.7  per  cent.  The  negro  proportion  was  highest  in 
tbe  South  Atlantic  division  in  whicb  it  reacbed  33.7  per  cent.  In  tbe  East  South 
Central  it  was  31.5  per  cent,  and  in  West  South  Central  22.6  per  cent.  In  the 
North  the  negro  proportion  in  the  population  bas  not  cbanged  materially  since 
1850,  and  it  bas  not  at  an}'  census  since  tbat  date  amounted  to  so  much  as  2  per 
cent.  In  the  North  tbe  percentage  declined  from  3.4  in  1790  to  2  in  1850.  At 
no  census  bas  the  proportion  in  tbe  West  amounted  to  more  than  a  fraction  of 
one  per  cent.  Washington  had  in  1910  the  largest  negro  population,  wbile  New 
York  came  second.  Birmingbam  had  tbe  largest  increase  in  negro  population 
during  the  decade  1900-1910,  with  New  York  second.  Taking  the  country  at 
large,  tbe  negro  is  the  most  rural.  Only  27.4  per  cent  of  the  negroes  were  in 
1910  urban,  while  among  native  whites  born  of  natives,  the  urban  percentage  was 
36.1;  of  mixed  parentage  59.4  per  cent;  of  double  foreign  parentage  68.1  per 
cent;  of  foreign  born  whites  72.2  per  cent.  These  figures  indicate  tbat  tbe  for- 
eign element  tends  to  possess  our  cities  and  exclude  both  tbe  native  white  and  tbe 
negro.  In  1910  tbe  negro  constituted  6.3  per  cent  of  tbe  urban  population  of  tbe 
United  States,  28  per  cent  of  that  of  the  South,  2.4  per  cent  of  that  of  the  North 
and  1  per  cent  of  that  of  the  West.  When  the  negro  migrates  from  the  South 
to  the  Nortb  be  generally  goes  to  a  city,  but  tbe  percentage  of  tbe  negro  urban 
population  of  tbe  North  did  not  increase  from  1890  to  1910.  This  does  not 
mean  tbat  negroes  did  not  come  from  tbe  South  to  the  North  during  this  twenty- 
year  period,  but  such  a  movement  was  neutralized  when  calculated  in  percentage 
by  increased  white  urban  population  in  tbe  Nortb.  In  tbe  South  as  a  whole  the 
percentage  of  negroes  in  tbe  urban  population  decreased  from  31.7  per  cent  in 
1890  to  28  per  cent  in  1910,  and  in  the  rural  population  from  34.2  per  cent  in 
1890  to  30.3  in  1910.  There  are  thirty-two  counties  in  tbe  South  which  report 
no  negroes,  twenty-  eight  of  these  are  in  Texas,  two  in  Oklahoma,  and  one  each 
in  Arkansas  and  North  Carolina.  Tbe  District  of  Columbia,  regarded  as  a 
county,  contains  tbe  greatest  number  of  negroes;  Shelby  County,  Tennessee,  in- 
cluding Memphis,  comes  next,  and  Jefferson  County,  Ala.,  including  Birming- 
ham, stands  third.  In  1910  there  were  males  of  military  age  (18-44  years) 
20,473,684,  of  which  1,985,415  were  negroes  and  18,351,870  whites;  the  latter 
'being  divided  into  native  whites,  13,880,182  and  foreign  born  4,471,688. 

In  tbe  period  of  sixty  years  from  1850  to  1910  tbe  proportion  of  mulatto 
in  tbe  negro  population  increased  from  11.2  to  20.9  per  cent.  In  1850  tbe  pro- 
portion of  mulatto  in  the  free  colored  population  greatly  exceeded  tbe  propor- 
tion in  the  slave  population,  the  number  of  mulattoes  to  1000  blacks  being  581  in 
the  free  and  83  in  the  slave  population.  Tbe  number  of  mulattoes  to  1000  blacks 
in  1910  was  252  in  tbe  Soutb,  363  in  tbe  Nortb,  and  473  in  tbe  \\"est.  Wbile  in 
round  numbers  one-tbird  of  the  blacks  are  illiterate,  only  one-fourth  of  tbe  mu- 
lattoes are  unable  to  read  and  write.  May  we  infer  from  these  facts  tbat  tbe 
negro  is  to  be  absorl)ed  by  tbe  wbile  race?     It  seems  tbat  cobal)ilation  is  more 
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common  now  than  in  s!a\  c  times  and  tliat  tiu-  mixed  race  is  heinf(  better  educated 
than  the  original. 

There  are  s(»ine  interesting  points  concerning  the  marital  state.  The  negro^ 
both  male  and  female,  Ijoth  urban  and  rural,  marries  at  an  earlier  age  than  the 
white;  though  taking  all  ages,  about  the  same  per  cent  of  the  males  of  both  races 
marry,  while  more  white  women  than  negroes  marry.  Widowhood  is  much 
higher  among  negro  than  among  white  \v(}men.  There  are  also  more  divorces 
among  negroes  than  whites.  The  tendency  of  negroes  to  marry  at  younger  ages 
than  the  whites  is  clearly  in  evidence  in  the  statistics  for  both  urban  and  rurals. 
In  the  urban  population  31.6  per  cent  of  negro  males  aged  20  to  24  years  as 
compared  with  14.8  per  cent  of  native  white  males  of  this  age  were  married,  the 
corresponding  percentages  for  rural  communities  being  40.4  for  negroes  and  26.3 
for  native  whites.  Among  females  20  to  24  years  of  age  in  urban  communities 
the  percentage  married  was  50.5  for  negroes  and  38.7  for  native  whites ;  the  cor- 
responding percentages  in  rural  communities  being  63.2  and  55.6.  In  the  South 
among  both  male  and  female  negroes  the  percentage  single  is  highest  in  cities 
of  100,000  and  over  and  lowest  in  the  rural  population. 

In  1820,  although  the  proportion  of  children  under  14  in  the  negro  population 
was  approximately  the  same  as  the  proportion  in  these  ages  in  the  white 
population,  the  number  of  such  children  per  1000  women,  14-44  years  of  age,  in 
the  negro  population  was  considerably  below  the  number  in  the  white  population. 
In  1910  both  the  proportion  of  children  in  the  negro  population  and  the  propor- 
tion of  children  to  women  very  considerably  exceeded  the  corresponding  pro- 
portions among  whites.  In  both  races  the  decline  for  the  proportion  of  children 
under  14  for  the  period  of  90  years  from  1820  to  1910  is  ven,-  marked.  Among 
the  negroes  it  is  somewhat  less  than  it  is  among  whites,  although  it  is  to  be  noted 
that  in  the  latter  decades  of  this  period  for  which  data  are  available  in  greater 
detail  the  decrease  in  the  number  of  children  under  five  years  of  age  per  1000 
women  15  to  44  is  in  the  aggregate  somewhat  greater  among  negroes  than  among- 
whites,  the  result  being  a  closer  approximation  of  the  ratio  for  negroes  to  that 
of  whites. 

It  is  impossible  to  obtain  exact  data  on  the  annual  death  rate  in  the  negro 
population.  At  each  decennial  census  from  1850  to  1900  there  was  an  attempt 
made  to  collect  mortality  statistics  by  inquiring  of  the  living  concerning  those 
who  had  died  during  the  twelve  months  of  the  census  year.  From  the  first  this, 
method  of  gathering  mortality  statistics  was  recognized  as  an  absolute  failure. 
It  was  a  demonstration  of  the  fact  that  the  dead  are  easily  and  quickly  forgotten. 
The  compilers  of  the  census  of  1850  recognizing  this  wrote.  "In  regard  to  the 
number  of  deaths,  the  returns  of  the  census  are  not  likely  to  deceive  anyone, 
since  an  attempt  to  reason  from  them  would  exhibit  a  degree  of  vitality  and 
healthfulness  in  the  United  States  unparalleled  in  the  annals  of  any  nation. 
*  *  *  *  Nothing  short  of  a  registration  system  in  the  States  can 
give  the  required  data  satisfactorily  since  people  will  not,  or  can  not.  remember 
and  report  to  the  census  taker  the  number  of  facts  and  the  particulars  which 
occur  in  the  period  of  a  whole  year  or  longer  prior  to  the  time  of  his  calling.  ^ 

The  states  and  cities  are  now  building  up  the  registration  of  births  and 
deaths  and  the  census  maker  relies  on  these  and  has  ceased  to  trust  the  memory 
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of  the  living  concerning  either  the  names  or  numl)cr.s  of  the  dead.  Now  (1919) 
the  registration  area  emhraces  ahout  70  per  cent  of  our  population  and  covers 
ahout  50  per  cent  of  our  area,  hul  the  mass  of  the  negro  population  is  not  in  this 
area.  Most  cities  in  the  South  belong  to  the  registration  area  and  the  states  are 
gradually  hut  slowly  progressing  in  this  direction.  All  the  census  maker  can  do 
is  to  take  the  annual  death  among  negroes  and  whites  in  the  registration  area. 
In  1910  the  annual  death  rate  among  all  wliitcs  in  this  country  was  14.6  per 
1000,  while  the  corresponding  figure  for  the  negro  population  was  25.7.  In 
1910  there  were  only  four  countries  in  the  world  keeping  any  kind  of  mortality 
statistics  with  a  higher  annual  death  rate  than  that  prevalent  among  the  negroes 
in  our  registration  area.  These  were  Ceylon  (27.3)  European  Russia  (28.9) 
Chile  (31.1)  and  Mexico  (33.3). 

Is  this  high  death  rate  among  our  negroes  due  to  racial  defects  or  to  en- 
vironmental conditions?  Upon  the  true  answer  to  this  question  the  future  of 
the  race  largely  depends.  Many  European  countries  now  with  an  annual  death 
rate  comi)arable  with  that  among  our  whites  had  a  generation  or  more  ago  a  rate 
quite  as  high  as  that  among  our  negroes  now.  In  1910  the  death  rate  in  Holland 
was  13.6;  in  1860,  it  was  25.4.  That  of  Germany  in  1910  was  16.2;  in  1885  it 
was  25.1.  It  seems  therefore  if  the  high  death  rate  among  the  negro  population 
is  wholly  due  to  environment  we  may  expect  a  great  improvement  within  a  few 
generations. 

"Although  negro  infant  mortality  in  1910  was  greatly  in  excess  of  wdiite  in- 
fant mortality — the  excess  of  the  negro  over  the  white  rate  being  136.9  for  males 
and  126.7  for  females — the  figures  for  1910  indicate  marked  improvement  dur- 
ing the  decade  1900-1910.  In  this  period  infant  mortality  among  negro  males 
declined  from  380  in  1900  to  280.3  in  1910,  the  decrease  in  the  rate  amounting 
to  99.7,  and  the  rate  for  negro  females  declined  from  309.7  in  1900  to  243.2  in 
1910,  the  decrease  amounting  to  66.5."  There  could  be  no  better  evidence  of 
increased  intelligence  among  negro  mothers. 

"Three  principal  causes  of  death  in  the  negro  population,  namely,  tubercu- 
losis, pneuriionia  and  organic  diseases  of  the  heart — are  the  principal  causes  of 
death  also  for  the  wdiite  population.  Per  lOCO  deaths  from  all  causes  in  1913,  in  the 
negro  population,  366  or  more  than  one  third,  and  in  the  white  population,  291 
are  classified  under  one  or  other  of  these  three  causes." 

However,  tuberculosis  is  much  more  prevalent  in  the  negro  population  than 
in  the  white,  being  176  to  98.  In  the  white  population  pneumonia  and  organic 
diseases  of  the  heart  are  nearly  of  equal  importance  with  tuberculosis  as  causes 
of  death,  the  number  of  deaths  from  these  two  causes  per  1000  deaths  from  all 
causes  being  94  to  99  respectively.  In  the  negro  ])opulation  these  causes  are 
relatively  to  other  causes  much  less  prevalent  than  tuberculosis,  the  number  per 
1000  deaths  from  all  causes  in  the  negro  population  being  for  pneumonia  100  and 
for  organic  diseases  of  the  heart  90. 

"Tul)erculosis  developed  a  rate  per  100,000  population  in  1910  of  4()3  among 
negroes,  which  was  m(jre  than  three  times  the  tuberculosis  rate  of  148  per 
100,000  white  iiojjulation.  The  rate  for  pneumonia  was  298  or  more  than  twice 
the  pneumonia  rate  of  142  among  whites.  The  rate  for  organic  diseases  of  the 
heart  was  212  among  negroes  and   139  among  whites."     It  api)ears   from  these 
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fij^urcs  that  each  of  these  three  (hseases  is  either  more  prevalent  or  more  fatal, 
or  l)()th  more  prevalent  and  more  fatal  amonj^  nefirr)e>  than  amonf(  wliites.  Is 
this  due  til  j^realer  Mi^ccptihility  on  the  pari  of  the  nej^ro  or  to  livinj^  conditions? 
vSo  far  as  ])neunionia  is  concerned,  the  e\  idence  j^'athered  irom  the  army  camps 
indicates  that  tliere  is  not  a  marked  difference  hetween  the  southern  white  and 
the  southern  Mack  and  both  are  more  susceptible  to  this  disease  than  their  com- 
rades of  either  color  from  the  Xorth.  Under  ordinary  conditions  army  statistics 
show  that  pneumonia  is  more  deadly  the  farther  South  one  goes.  This  was 
<loul)tful,  h()we\er.  with  post  influenza  pneumonia. 

We  are  inclined  to  advance  a  tentative  opinion  that  the  higher  death  rates 
from  tuberculosis  and  pneumonia  among  the  blacks  are  due  to  living  conditions 
while  the  higher  death  rate  from  heart  disease  is  due  to  the  wider  prevalence  of 
syphilis  among  the  blacks.     Howexer.  this  point  needs  more  careful  studv. 

The  diseases  more  jirevalent  among  whites  are  cancer —  with  an  annual  rate 
of  S7  among  negroes  and  77  among  whites  per  100,000  population — diphtheria, 
measles,  diabetes,  and  cirrhosis  of  the  li\er. 

So  far  as  school  attendance  is  concerned,  the  writer  of  the  report  before 
us  makes  the  following  statement :  "Reviewing  the  situation  as  a  whole,  while 
it  is  true  that  the  proportion  of  negro  children  not  in  school  is  large,  not  only 
in  rural  communities  but  even  in  large  cities ;  and  although  in  the  South,  the  pro- 
portion of  negroes  not  in  school  greatly  exceeds  the  corresponding  proportion 
of  whites,  still  the  data  for  school  attendance  presented  establishes  the  fact  of 
rapid  improvement  in  the  condition  of  negroes  in  the  South.  *  *  *  *  Should 
the  next  census  show  a  similar  advance  the  negro  race  in  its  school  attendance 
will  not  stand  far  behind  the  white." 

Taking  all  inhabitants  over  ten  years  of  age  the  percentage  of  illiteracy 
among  negroes  was  in  1910,  30.4;  among  whites  5.0.  Taking  all  between  ten  and 
fourteen,  the  figures  for  the  blacks  are  18.9,  for  the  whites  1.8.  In  1890,  39.8 
per  cent  of  the  negro  population  ten  to  fourteen  years  of  age  were  illiterate;  in 
1900,  30.1  per  cent,  and  in  1910,  18.9  per  cent.  Of  course  the  percentage  of 
negroes  who  attain  anything  more  than  an  elementary  education  remains  small. 

In  criminality  the  negro  makes  a  bad  showing  and  he  behaves  far  worse  in 
the  Xorth  than  in  the  South.  The  following  excerpts  illustrate :  ''30.6  per  cent  of 
the  total  number  of  prisoners  and  juvenile  delinquents  enumerated  on  January  1, 
1910,  and  21.9  per  cent  of  the  total  number  committed  during  the  year  1910  were 
negroes,  whereas  the  percentage  of  negroes  in  the  total  population  was  only  10.7. 
Per  100,000  negro  population  the  number  of  negro  ])risoners  and  juvenile  delin- 
quents enumerated  on  Jatiuary  1st  was  424.*)  and  the  number  committed  during 
the  year  1101.7,  the  ratios  for  negroes  being  markedly  in  excess  of  the  corre- 
sponding ratios  shown  for  whites.  *  *  *  *  They  represented  56  per  cent 
of  the  total  number  committed  for  grave  homicide,  49  per  cent  of  the  total  for 
lesser  homicide,  and  41.1  per  cent  of  the  total  for  assault.  They  contributed  33.6 
per  cent,  or  one-third  the  commitments  for  prostitution  and  fornication,  and  al- 
most as  large  a  proportion  of  the  commitments  for  robbery,  burglary,  and  for 
violating  liquor  laws.  On  the  otb.er  hand  they  comprised  only  about  16  per  cent 
of  those  committed  for  drunkenness  and  disorderly  conduct  and  for  vagrancy." 
In  the  North  the  serious  offenses  committed  bv  the  negro  are  arranged  in  the 
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order  of  frequency  as  follows:  (1)  grave  homicide,  (2)  prostitution  and  for- 
nication, (3)  lesser  homicide,  (4)  robbery,  (5)  assault.  In  the  South  they  are 
as  follows:  (1)  assault,  (2)  grave  homicide,  (3)  larceny,  (4)  robbery,  (5)  bur- 
glary. The  ratio  of  commitments  as  between  blacks  and  whites  is  from  two  to 
three  times  as  high  in  the  North  as  in  the  South.  This  means  either  that  the 
southerner  is  more  lenient  with  the  negro  or  that  the  negro  behaves  better  in  the 
South. 

The  compilers  of  the  report  make  statements  concerning  the  relative 
prevalence  of  insanity  in  the  two  races  with  caution.  The  figures  are  based  on 
the  number  admitted  to  and  in  asylums  during  the  census  year.  "Negroes  con- 
stituted 6.9  per  cent  of  the  insane  enumerated  at  the  beginning  of  the  year  and 
7.2  per  cent  of  the  insane  admitted  during  the  year.  The  percentage  of  negro 
insane  was  accordingly  very  considerably  below  the  percentage  of  negroes  in  the 
population  (10.7).  For  negroes  the  ratio  of  inmates  present  on  Januaiy  1st  per 
100,000  negro  population  was  131.4,  the  corresponding  figures  for  whites  being- 
213.2.  The  ratio  of  admission  per  100,000  population  was  44.6  for  negroes  and 
68.7  for  whites.  These  ratios  did  not,  however,  obtain  with  any  degree  of  uni- 
formity in  the  several  geograj^hical  divisions  and  states.  Outside  the  South  the 
ratio  for  negroes  was  in  fact  higher  than  that  of  the  whites  in  each  division. 
In  New  England,  for  instance,  the  ratio  per  100,000  population  for  inmates 
enumerated  on  January  1st  was  473.6  among  negroes  and  296.9  among  whites, 
the  corresponding  figures  for  admissions  being  153.8  for  negroes  and  105.9  for- 
whites." 

The  conclusion  seemingly  justified  by  these  statements  is  that  the  negro  in 
the  North  is  more  prone  to  insanity  than  his  brother  in  the  South,  or  the  south- 
ern negro,  though  insane,  is  less  frequently  sent  to  asylum. 

There  are  no  trustworthy  statistics  concerning  the  feeble-minded. 

The  number  returned  as  blind  per  100,000  negro  population  was  90,  the 
corresponding  proportion  for  wdiites  being  58.2  per  100,000.  This  is  most  cer- 
tainly due  to  the  greater  prevalence  of  gonorrhea  among  the  blacks. 

"The  figures  rather  confirm  the  supposition  that  deaf-mutism  is  less  com- 
mon among  negroes  than  among  whites."  The  compilers  of  the  census  attribute- 
this  to  the  lighter  prevalence  of  measles,  scarlet  fever  and  diphtheria  among  ne- 
groes and  say:  "While  the  death  rate  from  measles  in  1914  was  only  slightly 
higher  for  whites  than  for  negroes,  the  death  rate  from  diphtheria  was  nearly 
twice  as  great  and  that  for  scarlet  fever  was  practically  four  times  as  great  for 
whites  as  for  negroes.  On  the  other  hand,  negroes  appear  to  be  somewhat  more 
susceptible  to  meningitis,  another  leading  cause  of  deaf-mutism,  than  are  whites." 

Counting  as  paupers  those  sent  to  and  maintained  in  almshouses,  the  negro 
slightly  outnumbers  the  native  white  in  the  South ;  in  the  North  he  doubles  the 
native  white;  while  in  all  sections  of  the  country  the  foreign-born  white  ex- 
ceeds the  combined  strength  of  his  competitors. 

In  regard  to  the  ov^nership  of  homes  the  census  enumerators  were  instructed 
as  follows:  "A  home  is  to  be  classed  as  owned  if  it  is  owned  wholly  or  in  part 
by  the  head  of  the  family  living  in  the  house.  It  is  not  necessary  that  full  pay- 
ment of  the  property  should  have  been  made." 
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"Every  liouse  not  owned  either  \vh<jlly  or  in  part  l>y  the  family  hving  in  it 
should  he  classed  as  rented  whether  rent  is  actually  paid  or  not." 

Owned  homes  arc  divided  into  free  owned  and  mortgaged. 

Willi  the  above  understanding,  owned  homes  increased  from  18.7  per  cent 
of  all  negro  homes  in  1890  to  21.7  per  cent  in  1900,  to  23.3  per  cent  in  1910. 

The  percentage  of  free  owned  homes  slightly  decreased  during  the  decade 
1900  to  1910.  "'i'his  decline  was  not  due  to  any  decrease  in  the  number  of  free 
owned  homes — the  numlier  owned  free,  both  of  farm  houses  and  of  other  houses, 
increasing  in  this  decade  as  in  the  decade  following — but  to  a  relatively  more 
rapid  increase  in  the  number  of  homes  owned  under  a  mortgage  or  other  lien. 
Such  ownership  is  undoubtedly  in  many  cases  a  first  step  out  of  tenancy." 

"Of  negro  farm  homes  98.5  per  cent  were  in  the  South  in  1910,  1.4  per  cent 
in  the  North  and  0.1  per  cent  in  the  West." 

"The  term  'family"  as  defined  for  census  enumeration  means  a  group  of 
persons  Avhether  related  by  blood  or  not  who  live  together  as  one  household, 
usually  sharing  the  same  table." 

As  thus  defined  the  negro  family  averaged  exactly  the  same  number  as  the 
whites  in  1910  (4.5).  This  gives  us  no  information  concerning  housing  condi- 
tions.   There  may  be  several  families  in  one  house. 

"In  the  negro  population,  both  male  and  female,  the  proportion  gainfully 
employed  increased  in  each  of  the  last  two  decades,  among  males  from  79.4  per 
cent  in  1890  to  84.1  in  1900,  and  to  87.4  per  cent  in  1910;  and  among  females 
frort;  36.2  per  cent  in  1890  to  40.7  per  cent  in  1900,  and  to  54.7  per  cent  in  1910." 
Taking  the  whole  negro  population  over  ten  years  of  age  in  the  country  29  per 
cent  were  not  gainfully  employed  in  1910.  Of  the  male  negro  population  ten 
years  of  age  and  over  in  the  South,  56.6  per  cent  were  engaged  in  agricultural 
and  31.1  per  cent  in  nonagricultural  pursuits,  the  percentages  for  females  be- 
ing 32.4  and  23.5.  In  the  North  and  West  75.7  per  cent  of  the  negro  males  and 
45.1  per  cent  of  the  females  were  engaged  in  nonagricultural  pursuits;  the  pro- 
portion engaged  in  agricultural  pursuits  being  10.1  per  cent  for  males  and  0.4 
per  cent  for  females,  and  the  projjortion  not  gamfully  employed  14.2  for  males 
and  54.5  per  cent  for  females. 

More  than  one-third  of  the  total  negro  women  returned  as  gainfully  em- 
ployed in  1910  were  returned  in  two  occupational  groups,  as  either  "servants" 
or  "laundresses  not  in  laundries." 

In  1910  negroes  made  up  14  per  cent  of  all  farmers  in  the  country.  In  many 
of  the  mountain  and  Pacific  states  and  even  in  New  York,  Wisconsin,  Minnesota, 
North  Dakota,  South  Dakota,  and  Nebraska  other  colored  men.  Indians,  Chinese 
and  Japanese  outnumber  the  negro  farmers.  ]\Iore  than  60  per  cent  of  the  farm- 
ers of  Mississippi  are  negroes,  between  50  and  60  per  cent  in  South  Carolina,  and 
between  40  and  50  per  cent  in  Georgia,  Alabama,  and  Louisiana.  In  the  decade 
trom  1900  to  1910  the  value  of  farm  propert}-  operated  by  negroes  more  than 
doubled. 

As  valuable  as  this  report  is.  there  are  many  questions  about  the  negro  left 
unanswered.  In  considering  the  welfare  of  the  nation  this  race  can  not  be  left 
out  of  consideration.  It  is  regrettable  that  he  was  brought  here,  but  he  was  not 
consulted  on  this  point  and  now  that  he  is  here  to  the  number  of  about  one- 
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tenth  of  the  population,  what  is  to  be  his  future  and  what  effect  is  he  to  have  on 
the  future  of  the  white  race?  In  making  a  forecast  on  these  points  the  census 
compilation  is  of  the  greatest  value,  but  we  should  like  to  know  more.  Ab- 
sorption by  the  white  race,  indicated  by  increase  in  the  number  of  mulattocs  is  a 
most  interesting  matter.  We  would  like  to  know  bow  the  mulatto  compares  with 
the  pure  stock  physically,  mentally,  and  morally.  Most  biologists  agree  that  for 
the  betterment  of  the  race  two  fundamental  conditions  are  desirable:  (1)  Father 
and  mother  must  not  be  too  much  alike,  (2)  Father  and  mother  must  not  be  too 
much  unlike.  For  the  first  reason  cousins  of  the  first  degree  must  not  many.  As 
a  consequence  of  the  second  law,  we  point  to  the  mixed  races  of  India,  South  and 
Central  America  and  w'e  conclude  that  the  mongrel  inherits  the  bad  traits  on  both 
sides  of  the  house.  Does  the  mulatto  comply  with  or  violate  this  rule?  Possibly 
in  a  later  census  more  light  on  this  point  may  be  secured,  but  whatever  the  an- 
swer to  this  question  may  be  it  seems  certain  that  the  mulatto  will  multiply  and 
one  thousand  years  from  now,  if  the  world  last  so  long,  the  black  negro  in  this 
country  will  be  as  rare  as  a  white  elephant.  In  the  meantime  it  seems  quite  evi- 
dent that  the  mass  of  the  race  will  remain  in  the  South  where  there  will  be  more 
or  less  segregation.  In  all  probability  the  death  rate  will  fall  with  improved  sani- 
tation and  increased  knowledge.  In  our  opinion  the  most  difficult  medical 
problem  in  attempting  to  improve  the  race  is  that  of  the  venereal  diseases.  Army 
statistics  have  shown  for  the  first  time  the  alarming  prevalence  of  syphilis  among 
the  blacks.  It  is  bad  enough  among  whites,  but  among  the  blacks  it  is  untreated 
and  unless  improvement  be  made,  a  few  more  generations  may  materially  reduce 
the  numbers.  From  the  increase  in  mulattoes  it  is  evident  that  syphilis  among 
the  blacks  constitutes  a  serious  menace  to  the  whites  as  welV 
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COMMUNICABLE   DISEASE  IN  THE   UNITED   STATES   ARMY    DUR- 
ING THE  SUMMER  AND  AUTUMN  OF  1918.=^ 


By  Col.  Victor  C.  Vaughax,  M.C,  U.S.A.,  and  Capt.  George  T.  Palmer, 
S.C,  U.S.A.,  Washington,  D.  C. 


PREFACE 


THE  following  report  on  communicable  disease  in  the  army  is  based  on  the 
weekly  telegraphic  reports  sent  in  to  the  Surgeon  General  from  each  camp, 
post,  and  army  station,  and  upon  the  special  reports  made  by  division  and  camp 
surgeons,  epidemiologists  and  others.  The  data  are  the  most  accurate  obtain- 
able at  the  time.  We  have  observed  a  lack  of  agreement  in  reports  from  the 
same  camp.  The  disagreements  we  have  tried  to  fathom  and  eliminate  and  be- 
lieve we  have  done  so  in  the  great  majority  of  cases. 

Before  the  complete  truth  about  sickness  in  the  army  is  known,  it  is  neces- 
sary to  analyze  the  records  which  eventually  will  reach  the  Surgeon  General 
on  the  sick  and  wounded  cards.  Their  compilation  is  a  time-consuming  task. 
In  the  meantime  we  are  presenting  this  exposition  of  facts  obtained  from  an- 
other angle,  but  whose  interpretation  v.e  do  not  expect  to  see  altered  in  any 
material  degree  by  later  analyses. 

We  desire  to  state  that  Major  Alfred  E.  Shipley  worked  with  us  for  nearly 
three  months  in  the  compilation  of  this  report  and  we  owe  much  to  his  counsel, 
advice,  and  help. 

During  a  great  part  of  the  time  this  study  has  proceeded  under  the  direc- 
tion and  with  the  kindiv  assistance  of  Lt.  Col.  Georsre  R.  Callender. 


*A  report  from  the  Section  of  Communicable  Diseases,  Division  of  Laboratories  and  Infectious 
Disease,  prepared  under  the  direction  of  Col.  Frederick  F.  Russell,  and  published  by  permission  of  the 
Surgeon  General.  The  writers  are  printing  this  as  a  iireliminary  report,  subject  to  revision  on  the  receipt 
of  further  data  and  will  be  grateful  to  all  medical  officers  for  more  exact  information  on  matters  which 
came   under  thedr  observation.      Part    II   will   be   published   in   the   August   issue   of   this   Journal. 


588  TflK    .lOUKNAI.    OK    l.ABOKATOKV    ANO    CMNICAI,    .MKDICIXK 

We  desire  to  lliank  (li\isi(Mi  and  cant])  suri;"cons,  ei)idemiologists  and  other 
medical  officers  t\)r  the  basic  niatcvial  of  this  report.  Valuable  data  have  been 
supplied  by  the  United  States  Public  Health  Service,  the  Census  Bureau,  the 
Medical  Bureau  of  the  Navy,  state  and  municipal  health  commissioners. 

The  tables  and  illustrations  have  largely  been  executed  and  owe  their  ex- 
cellence to  Hospital  Sergeants  Alvin  D.   Stultz  and  Edward  H.   Maitlen. 

Section  I 

Introduction 

The  wise  enactment  and  admirable  execution  of  the  draft  law  demonstrated 
that  a  great  Democracy  could  mobilize,  equip  and  place  in  the  field,  3000  miles 
across  the  sea,  an  army  efficient  in  battle.  During  the  recent  war  our  country 
prepared  for  service  nearly  four  million  men.  They  came,  for  the  most  part, 
not  only  willingly  but  eagerly,  from  farm,  village  and  city.  The  university 
graduate  and  the  illiterate,  the  poor  and  the  rich,  skilled  and  unskilled  donned 
the  khaki  and  began  preparations  for  the  task  which  they  accomplished  with 
speed  and  satisfaction.  To  care  for  the  health  of  these  men,  to  restrict  the 
spread  of  disease  among  them,  to  restore  so  far  as  possible  the  sick  and  wounded 
to  health  has  been  the  function  of  the  medical  department  of  the  army.  The 
task  has  fallen  on  us  to  tell  to  what  extent  and  in  what  manner  this  work  has 
been  done. 

Camps  and  cantonments  for  the  reception  and  training  of  raw  recruits 
came  into  being  during  the  summer  of  1917.  The  history  of  communicable  disease 
in  the  army  during  the  six  winter  months,  October,  1917,  to  March,  1918,  was 
prepared  by  the  present  authors,  and  published  in  the  August,  1918,  issue  of  the 
Journal  of  Laboratory  and  Clinical  Medicine  and  reproduced  in  the  September 
and  October  issues  of  the  Military  Surrjeon.  The  purpose  of  the  present  con- 
tribution is  to  take  up  the  account  in  April,  1918,  and  to  carry  it  to  the  end  of 
that  year. 

The  procedure  followed  in  the  mobilization  of  our  troops  was  not  exactly 
that  which  would  have  been  recommended  by  a  board  of  sanitarians.  This 
statement  is  made  not  with  any  thought  of  criticism.  As  hinted  above,  the 
draft  law  in  itself,  the  execution  of  its  provisions,  and  the  results  attained,  will 
always  be  regarded  as  one  of  the  greatest  of  our  national  achievements.  The 
purpose  of  the  mobilization  was  to  assemble  young  ci\ilians  and  to  convert 
them  into  efficient  soldiers  in  the  shortest  possible  time,  and  was  not  to  make 
a  national  demonstration  in  preventive  medicine.  In  evaluating  the  results  at- 
tained by  the  medical  officer,  the  conditions  under  which  he  has  been  compelled 
to  work  must  be  duly  considered.  In  this  instance,  both  the  soldiers  and  the 
medical  officers,  who  were  to  have  charge  of  their  health,  existed  only  in  em- 
bryo, so  far  as  military  function  is  concerned  when  mobilization  began.  The 
hasty  assembling  of  young  men  from  ever)'  part  of  the  country  in  groups  of 
27,000  or  more  brought  into  each  camp  practically  every  infection  -existent  in 
the  country  among  individuals  of  the  same  age  grou]).  'i'he  drafted  men  from 
each  state  were  assembled  at  one  or  more  points  and  held  until  a  certain  num- 
ber had  accumulated  and  then  sent  by  troop  trains  to  a  designated  camp.     The 
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time  covcnil  in  .issmiMiii}^^  imd  transt'crrim,'  varied  from  a  few  hours  to  as 
many  days.  Ii  is  rc'i)()rt(.vl  liy  tlic  camp  surgeon  at  Wlieelcr  that  every  troop 
li-ain  ihal  rci.lied  thai  raiiij.  in  the  fall  of  I'M  7  l)rouj.,dit  from  one  to  six  cases 
of  fully  developed  measles.  In  April,  lOlS,  a  colored  draft  contingent  was  as- 
sembled in  Alal)ama  and  siMil  by  Iroop  train  to  Camp  Custer,  Michigan.  On 
arri\al,  man\  cases  of  pneumonia  were  sent  from  this  contingent  directly  to 
the  base  hospital  at  Custer.  The  coming  of  these  troops  not  only  increased  the 
morl)i(hly  from  ])neumonia  at  Custer.  l)ut  introduced  a  new  type  of  the  dis- 
ea>e.  This  occurred  frequently  and  at  different  camps.  The  control  of  epi- 
demics under  such  conditions  is  a  far  different  matter  from  that  which  con- 
cerns the  local  health  authorities  in  a  comparatively   stable  population. 

For  the  convenience  of  our  readers,  we  offer  the  following  summary  of  the 
fmdings  reached  in  our  report  on  communicable  disease  during  the  winter  of 
1917-18: 

1.  Measles  was  nineteen  times  as  prevalent  in  our  training  camps  as  in 
ci\ilian  life.  The  undue  prevalence  of  this  disease  was  especially  noticeable  in 
those  camps  whicli  drew  a  large  ])ortion  of  their  troops  from  rural  populations. 
Organizations  from  the  larger  cities  showed  no  more  measles  than  appeared  in 
the  same  age  grou]:)  in  the  cities  from  which  they  came.  The  number  of  cases  in 
the  different  camps  was  determined  by  the  number  of  susceptibles.  Epidemics 
of  this  disease  ceased  when  the  susceptible  material  had  been  exhausted  and 
reappeared  when  the  spark  and  the  inflammable  substance  were  brought  together. 
We  fail  to  find  convincing  ]iroof  that  any  precautions  taken  limited  the  spread 
of  this  disease.  Some  of  these  measures  may  have  retarded  its  spread,  but 
none  completely  arrested  it. 

2.  The  pneumonias  were  twelve  times  as  prevalent  in  the  camps  as  in  th.e 
ci\ilian  population.  Again  it  was  the  rural  and  southern  soldier  who  suffered 
most  severely  during  the  winter  of  1917-18.  However,  in  every  camp  the  mor- 
biditv  from  this  disease  was  higher  than  it  was  in  the  same  age  group  at  home. 
During  the  time  covered  b}-  our  report  the  morbidity  from  the  pneumonias 
varied  widely  in  the  camps  and  these  variations  were  apparently  not  influenced 
by  the  location  of  the  camp  but  by  the  part  of  the  country  from  which  the  troops 
came.     Xorthern  and  urltan  men  suffered  least;  southern  and  rural  men  most. 

3.  ^Meningitis  was  forty-five  times  more  prevalent  in  the  camps  than  in  the 
civilian  population.  While  no  camp  escaped  this  infection,  it  prevailed  alarm- 
ingly in  only  three  and  these  were  camps  which  drew  their  troops  from  areas 
in  which  this  disease  was  at  the  time  endemic.  These  camps  were  Jackson.  S.  C. 
Beauregard,  La.,  and  Funston,  Kan. 

4.  Scarlet  fever  was  six  times  as  prevalent  in  the  camps  as  in  civil  life. 
Two  camps.  Beauregard,  La.,  and  ^^'llecler,  Ga..  had  no  cases  of  this  disease. 
Pike.  Ark.,  had  the  largest  number  and  it  may  be  well  to  remark  that  about  one 
third  of  the  troops  in  this  camp  were  from  the  North.  Apart  from  Pike,  there 
was  more  scarlet  fever  during  the  winter  months  of  1*^17-18  among  troo]>s  from 
the  North  and  \\'est  than  among  those  from  the  South.  However,  we  are  not  jus- 
tified in  drawing  any  general  conclusion   from  this   fact. 

5.  Diphtheria  was  twice  as  prevalent  in  the  camps  as  in  civil  life.     Death> 
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from  this  disease  occurred  in  seven  of  the  29  camps  whose  records  were  studied. 
The  annual  death  rates  per  100,000  in  these  were  as  follows: 


Pike 

30 

Funston 

22 

Dodge 

18 

Cody 

17 

Custer 

10 

Doniphan 

8 

Logan 

7 

The  rate  in  the  registration  area  in  1915  for  all  ages  was  15.7. 

6.  Tuberculosis  was  thirteen  times  more  prevalent  among  civilians  than 
among  soldiers.  This  is  due  to  the  elimination  of  the  tuberculous  in  the  ex- 
aminations of  the  drafted  men.  That  there  were  deaths  from  this  disease  dur- 
ing" the  first  six  months  after  mobilization  indicates  that  some  of  the  examiners 
were  not  skillful  in  the  detection  of  this  disease  even  in  moderately  advanced 
stages.  At  Camp  Wheeler  the  annual  death  rate  for  this  disease  during  the 
winter  months  of  1917-18  was  80  per  100,000,  which  is  but  slightly  below  that 
of  the  total  population  of  Michigan  without  any  examination  or  selection. 

7.  Typhoid  fever  and  its  allied  diseases,  including  dysentery,  were  negligi- 
ble, the  annual  death  rate  among  all  troops  in  the  United  States  for  the  six  winter 
months  of  1917-18  being  1.3,  while  that  for  the  state  of  Delaware  for  the  same 
period  was  55.  It  may  be  worthy  of  note  that  vaccination  for  this  disease  as 
practiced  in  the  army  gives  protection  against  ordinary  doses  of  infection,  but 
the  protective  efifects  may  be  overcome  by  massive  infection. 

8.  The  following  figures  show  the  relative  death  rates  from  all  causes  in  the 
army  and  in  civilian  life.  The  army  rate  is  computed  for  the  six  winter  months 
of  1917-18,  while  the  civil  rate  is  that  of  the  corresponding  months  of  1915-16. 


Place 

Annual 

D( 

?ath  Rate  per   1000 

Army 

9.1 

U.  S.  Registration  Area 

All  Ages 

14.3 

Age  20-49 

8.3 

Age  20-39 

6.8 

Age  20-29 

5.7 

In  the  present  article  the  time  from  April  to  December,  1918,  is  divided 
into  two  parts  for  statistical  treatment.  This  is  done  in  order  to  set  forth  the 
seasonal  influence  on  disease.  Ordinarily  we  should  have  grouped  together  the 
months  from  April  to  September  inclusive,  calling  this  the  "summer  season"  as 
contrasted  with  the  months  from  October  to  March  inclusive,  which  was  re- 
garded as  the  "winter  season."  However,  the  occurrence  of  the  influenza  epi- 
demic in  September  and  the  following  months  has  caused  us  to  alter  this  group- 
ing and  treat  as  the  "summer  season"  the  period  from  April  to  August  inclusive. 
The  four  remaining  months  of  1918  are  then  treated  under  the  term  "autumn 
season." 

The  annual  death  rate  per  1000  for  the  summer  season  was  5.7,  practically 
the  same  as  that  of  civilians  in  the  age  of  group  20  to  29  years  during  the  six 
winter  months.  For  the  corresponding  five  summer  months  of  the  year  1916, 
the  death  rate  from  all  causes  for  this  age  group  in  civilian  life  is  estimated 
to  be  4.6.     Consequently,  the  low  rate  of  5.7  of  the  army  is  still  a  trifle  above 
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tlial  (»l  ti\ilian  life.  Tliis  i^  a  rcinarkahlc  show  ini;,  iar  altliouj^li  llie  army  is 
C()ni[)()Sf(l  ol  \ouiit;  men  >c'k-i-tc(l  on  acrounl  of  ^uJK•^io^  physical  make-up  and 
men  who  mij^Mil  he  ex[)ccte(l  to  have  a  lower  death  rate  tiian  the  average  amon;^ 
those  of  theii-  own  a,i,^e,  still,  when  we  consider  the  hazarrl  that  is  always  as- 
,sociale<l  wilh  the  niohili/ation  of  \  er\'  large  numbers  for  military  service,  the 
rate  of  S.7  for  tlie  summer  season  may  be  pointed  to  with  pardonable  pride. 

Durinj^  ihe  summer  season  pneumonia  continued  to  be  the  chief  cause  of 
death.  However,  the  greater  part  of  this  fatality  occurred  during  the  months 
of  Ajnil  and  May.  Contrary  to  the  experience  of  the  previous  winter,  the  pneu- 
monias prevailed  more  extensively  in  the  middle  western  cam[)s  than  elsewhere. 
In  many  camps  measles  was  present  but  to  a  far  less  extent  than  during  the 
winter  period.  The  prevalence  of  this  disease  during  this  period  was  undoubt- 
edly dependent  upon  the  number  of  susceptibles  in  the  camp.  During  the 
winter  months,  A\'heeler  stood  third  in  measles  incidence  while  in  March  there 
were  no  cases  in  this  camp.  During  the  w  inter,  Wheeler  had  been  so  permeated 
with  this  disease  that  every  susceptible  individual  was  aiTected,  and  then  the 
diseased  ceased.  There  were  no  new  men  added  to  Wheeler  until  autumn,  and 
susceptible  material  for  the  continuation  of  measles  was  lacking. 

In  discussing  typhoid  fever  in  our  previous  report,  we  stated  that  the  low 
typhoid  rate  at  that  time  might  in  part  be  attributed  to  the  fact  that  the  winter 
season  was  not  the  typhoid  period  of  the  year  and  the  real  test  of  preventive  in- 
oculation would  come  during  the  summer.  It  was  the  summer  season  which 
witnessed  the  typhoid  scourge  in  1898.  Now  that  we  have  passed  through  the 
summer  of  1918  and  have  experienced  a  typhoid  death  rate  but  little  greater 
than  that  of  the  preceding  winter,  we  can  rest  quite  comfortably  in  the  con- 
clusion that  the  control  of  this  and  its  allied  diseases  is  within  the  power  of 
man.  The  annual  typhoid  death  rate  per  100,000  during  the  summer  season  was 
3.3,  but  these  figures  do  not  do  justice  to  the  preventive  measures  employed, 
for  many  of  the  cases  that  did  occur  were  among  men  who  had  contracted  the 
infection  prior  to  receiving  their  vaccination. 

Malaria,  another  warm  season  disease,  increased  during  the  summer  to  a 
slight  degree  only.  For  the  most  part,  malarial  admissions  to  the  hospital  were 
among  men  who  had  the  infection  prior  to  entering  service.  Although  some 
of  the  camps  were  in  malarial  districts,  there  is  no  evidence  that  any  number  of 
infections  originated  in  these  camps. 

Coming  now  to  the  "autumn  season."  counting  September  to  Decemlier  in- 
clusive, we  find  ourselves  facing  a  wholly  different  condition.  During  this  pe- 
riod the  unparalleled  pandemic  of  influenza  reached  and  spread  to  the  remotest 
parts  of  this  country.  Among  our  soldiers  the  death  rate  rose  from  5.7.  that 
of  the  summer  season,  to  48.5  for  the  autumn  season,  an  increase  of  nearly  ten- 
fold. Still  more  impressive  is  the  actual  number  of  deaths.  During  these  four 
months  there  occurred  in  the  various  army  camps  in  this  countiy  23.712  deaths, 
no  less  than  94  per  cent  of  which  was  due  to  influenza  and  complicating  pneu- 
monia. This  means  that  1.5  per  cent  of  the  military  forces  was  effectually  elim- 
inated in  the  infancy  of  their  career. 

Out  of  nearlv  four  million  men  who  passed  through  the  army  camps  of  this 
country  from  September.  1017.  to  January.  1019.  30,  859  have  ilied  from  disease 
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before  reaching  the  port  of  embarkation.  Up  to  Noveml)er  26,  1918,  16,000  of 
our  soldiers  in  France  died  of  disease.  This  makes  a  total  of  47,000  American 
soldiers  who  gave  u])  their  lives  in  our  hospitals,  serving  their  country  less  con- 
spicuously, but  none  the  less  heroically,  than  those  who  died  on  the  fields  of 
battle.  Of  the  two  million  men  landed  in  France,  40,000  perished  in  combat 
according  to  Pershing's  report  dated  Nov.  26,  1918.  Of  the  total  87,000  deaths, 
54  per  cent  was  from  disease.  As  war  records  go,  this  is  not  an  unusual  show- 
ing. Of  the  deaths  in  our  Civil  A\'ar  among  northern  troops,  66  per  cent  was 
from  disease ;  in  the  Franco-Prussian  War,  the  French  Army,  68  per  cent,  Ger- 
man Army  31  per  cent;  in  the  Spanish-American  War,  United  States  Army,  84 
per  cent ;  in  the  Russo-Japanese  War,  Japanese  Army  32  per  cent,  Russian  Army, 
29  per  cent.  In  the  American  Expeditionary  Force  the  percentage  dying  from 
disease  up  to  November  26,  1918,  was  29. 

Preventive  medicine  is  making  rapid  progress.  Malaria  and  typhoid  fever, 
once  the  scourges  of  armies,  are  well  in  hand.  Typhus  is  no  longer  an  enigma, 
but  still  requires  close  watching.  The  pneumonias  remain  and  constitute  at 
present  the  greatest  cause  of  death  in  all  armies.  Protective  inoculation  against 
the  pneumonias  has  been  tried  onl\-  recently,  and  the  results  are  promising. 
The  combination  of  influenza  and  i)neumonia  has  been  most  distressing  and  dis- 
astrous both  in  military  and  in  civilian  populations.  During  the  autumn  season 
of  1918,  civilian  communities  suffered  greatly,  but  on  account  of  the  high  con- 
centration of  susceptible  material  in  our  camps,  the  death  rate  among  soldiers 
has  been  higher  than  among  civilians.  No  part  of  the  world  has  escaped  this 
great  scourge.  In  the  past,  there  have  been  pandemics,  but  none,  so  far  as 
we  have  statistical  evidence,  has  wrought  such  hea\y  destruction  as  this.  Hith- 
erto the  pandemic  of  1889-90  has  been  looked  upon  as  the  most  widespread  and 
probably  the  most  fatal.  At  that  time  more  than  40  per  cent  of  the  population 
of  Massachusetts  w-as  affected,  but  the  death  rate  was  not  so  high.  The  pan- 
demic of  1918,  when  compared  with  that  of  1889-90  is  estimated  to  have  caused 
six  times  as  many  deaths. 

During  the  four  autumn  months  of  1918,  338,343  cases  of  influenza  were 
reported  to  the  Surgeon  General.  This  means  that  in  the  camps  of  this  country 
one  out  of  every  four  men  had  influenza. 

The  combination  between  influenza  and  pneumonia  during  the  fall  of  1918 
seems  to  have  been  closer  and  more  destructive  than  in  any  previous  pandemic. 
During  the  autumn  season  there  were  reported  to  the  Surgeon  General  61,691 
cases  of  pneumonia.  This  means  that  cue  out  of  ei'ery  tiventy-four  men  en- 
camped in  this  country  had  pneumonia. 

During  the  same  period  22,186  men  were  reported  to  have  died  from  the 
combined  effects  of  influenza  and  pneumonia.  This  means  that  among  the  troops 
in  this  country  one  out  of  every  sixty-seven  died. 

This  fatality  has  been  unparalleled  in  recent  times.  The  influenza  epidemic 
of  1918  ranks  well  up  with  the  epidemics  famous  in  history.  Epidemiologists 
have  regarded  the  dissemination  of  cholera  from  the  P)road  Street  \\W\  in  Ton- 
df)n  as  a  catastro])he.  The  typhoid  epidemic  of  Plymouth,  Pa.,  of  1885.  is  an- 
other illustration  of  the  damage  that  can  he  done  bv  epidemic  disease  once  let 
loose.     Yet  the  accomjianying  table  shows  thai   the   fatalitv    from   influenza   and 
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piK'unionia  ;it  C\'ini|»  Slicniian  was  f^Mcatcr  than  cither  of  tlicsc.  fScc  'J'ablc  1 
and  (.'hart  I),  (."ninpand  willi  (■])i(lcniic>  for  which  \vc  have  fairly  accurate 
statistics,  the  death  rate  at  C'ainp  Sherman  in  the  fad  of  1918  is  surpasscrl  only 
hy  that  of  i)ia,t,nie  in  Londmi  in  \(>io  and  that  of  yellow  fe\er  in  Philadelphia 
in  17^3. 

The  pla^ut-  killed  14  per  cent  of  London's  popnlation  in  seven  months'  time. 
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Taiu.K    1 

Co.Mi'AKATi\i-;  Toll  oe  Disease  Epidemics 


% 

% 

\ 

POP- 

POP- 

DEATHS 

ULA- 

ULA- 

DISEASE 

PLACE 

YEAR 

PERIOD 

POPt'LATlON 

D.URING 
PERIOD 

TION 
KILLED 
DURING 
PERIOD 

TION 
KILLED 

PER 
MONTH 

1    I'lague 

London 

1665 

7 

months 

500.000 

68,593 

14. 

2.0 

1  Yellow  fever 

l^hiladelphia 

1793 

4 

months 

40,100 

4,041 

10. 

2.5 

3  Influenza- 

Camp   Shormai 

1918 

7 

weeks 

35,100 

1,073 

3.1 

1.9 

pneumonia 

4  Typhoid 

L'.  S.  Army 

1898 

4 

months 

108,000 

1,580 

1.5 

.38 

fever 

Camps 

5  Influenza- 

U.  S.  Army 

1918 

4 

months 

1,500,000 

21.500 

1.4 

.35 

pneumonia 

Camps 

6  Typhoid 

Plymouth,     Pa. 

1885 

1 

month 

8,000 

114 

1.4 

1.4 

fever 

7  Measles- 

Camp  Pike 

1917 

14 

weeks 

28,100 

252 

.90 

.28 

pneumonia* 

8  Influenza- 

Philadelphia 

1918 

7 

weeks 

1,761,000 

13,500 

.77 

.48 

pneumonia* 

9  Cholera 

London 

1849 

U 

weeks 

— 

— 

.51 

.096 

10  Influenza- 

New  York  City 

1918 

7 

weeks 

5.740.000 

14,700 

.3^. 

.24 

pneumonia* 

11   Influenza- 

Paris 

1889- 

7 

weeks 

2,260,000 

6,500 

.29 

.18 

pneumonia* 

1890 

12  Cholera 

St.  James  Par- 
ish.   London 
("Broad  St. 
Well") 

1854 

17 

weeks 

318,000 

700 

22 

.056 

13  Influenza- 

Xew  York  City 

1891 

1 

month 

1,681,000 

1,818 

.11 

.11 

pneumonia* 

14  Influenza- 

New  York  City 

1890 

1 

month 

1,631,000 

1,370 

.08- 

.0&4 

pneumonia* 

15  Polio- 

New Y'ork  City 

1916 

5 

months 

5,602,000 

2,407 

.043 

.009 

myelitis 

*Mortality    computed    indirectly    from    excess    deaths    from    all    causes    above    norm. 

Yellow  fever  destroyed  10  per  cent  of  the  population  of  Philadelphia  in  four 
months.  In  seven  weeks  influenza  and  pneumonia  killed  3.1  per  cent  of  the 
strength  at  Camp  Sherman.  If  we  consider  the  time  factor,  these  three  in- 
stances are  not  unlike  in  their  lethality.  The  plague  killed  2  per  cent  of  the  pop- 
ulation in  a  month,  yellow  fever  2.5  per  cent  and  influenza  and  pneumonia  1.9 
per  cent. 

In  four  months  typhoid  fever  killed  1.5  per  cent  of  the  soldiers  encamped 
in  this  country  during  the  war  with  Spain.  Influenza  and  pneumonia  killed  1.4 
per  cent  of  the  soldiers  in  our  camps  in  1918  and  it  also  covered  a  period  of  four 
months. 

During  the  winter  of  1917-18,  Camp  Pike  showed  the  highest  death  rate 
of  the  larger  camps,  this  being  due  for  the  most  part  to  pneumonia  to  some  ex- 
tent following  measles.  In  fourteen  weeks  Pike  lost  0.9  per  cent  of  its  strength. 
This  is  about  one-third  of  Sherman's  loss  but  the  deaths  at  Sherman  occurred  in 
one-half  tlie  time.  In  the  winter  of  1917-18,  Camp  Beauregard  showed  the  high- 
est weekly  incidence  for  measles.  It  amounted  to  an  annual  admission  rate  per 
1000  of  2,700.  In  the  fall  of  1918  Beauregard  had  an  influenza  admission  rate 
during  one  week  of  15,000.    The  two  epidemic  periods  at  Beauregard  have  been 


COMMUXIl'Alll.r,    DISl'.ASKS    IN    TlIF,    IMTKI)    STATKS    ARMY 


o9d 


contrasted  -^i.-iiiliirally  in  Cliarl  II.  The  1917  ci)i(leniic  looks  insignificant  com- 
pared to  tliai  ol"  1*'1S,  .111(1  yci  al  llie  linic  it  was  regarded  with  j^rave  concern. 
Philadelpliia  lu-adcd  llie  lartje  cities  in  inlluenza  fatality  in  this  country,  losing 
0.8  per  (.-eiit  ol'  its  iio|(ulati(iii.  This  is  ahoiit  one-fourth  of  the  loss  at  Sherman. 
Tlie  i)andcinic  ol  intluenza  in  1918  seems  to  have  been  more  closely  as- 
sociated  with  the  [)neum(jnias  than  appears  in  any  previous  pandemic.     From 
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the  reports  as  sent  to  the  Surgeon  General's  Office,  it  appears  that  uncomplicated 
influenza  was  not  b\'  any  means  a  fatal  disease  and  that  the  high  death  rate  was 
due  to  the  pneumonias  which  followed.  Pneumonia  is  a  serious  disease  at  all 
times.  Recent  records  for  the' United  States  Army  show  that  the  case  mortality 
rate  for  this  disease  has  l)een  as  follows  during  llie  difierent  periods  of  the 
last  two  years : 

The  year  1917  11.27o 

6  winter  months,  1917-18  23.1% 

5  summer  months,  1918  18.8% 

4  autumn  months,   1918  34.4% 
(influenza  period) 

It  is  not  strange  that  once  pneumonia  secured  a  foothold  in  patients  al- 
ready weakened  by  influenza  their  chances  of  recovery  were  lessened. 

In  1893  a  German  l)acteriologist,  Pfeift'er,  announced  his  discovery  of  the 
bacillus  which  has  since  borne  his  name  and  which  he  believed  to  be  the  specific 
cause  of  influenza.  In  this  country  Pfeififer's  claims  have  never  been  univer- 
sally accepted.  \\'e  will  have  more  to  say  on  this  point  from  time  to  time  as 
the  evidence  unfolds  itself. 

The  pneumococcus  has  been  long  regarded  as  the  chief  cause  of  pneu- 
monia. Of  this  organism  four  distinct  types  are  recognized  in  this  country. 
The  fourth  type  is  in  reality  a  heterogeneous  group  which  includes  many  organ- 
isms which  may  cause  pneumonia  and  yet  whose  agglutinations  and  other  re- 
actions have  not  been  recognized  with  a  sufficient  degree  of  accuracy  to  be  ac- 
cepted as  a  means  of  identification.  During  the  past  year,  it  has  been  impressed 
upon  us  more  forcibly  than  before  that  other  oganisms  than  the  pneumococcus 
may  cause  clinical  pneumonia.  The  streptococcus  and  the  staphylococcus,  at 
least  certain  varieties  of  these  organisms,  have  produced  clinical  pneumonia  in 
our  camps.  One  reading  the  reports  that  have  been  sent  in  from  army  camps 
in  all  parts  of  the  country  is  impressed  by  the  lack  of  agreement  as  to  the 
bacteriology  which  has  been  responsible  both  for  influenza  and  the  accompany- 
ing pneumonia.  So  far  as  influenza  is  concerned,  the  descriptions  of  the  clin- 
ical symptoms  agree.  There  is  no  question  but  that  the  same  disease  clinically 
has  existed  in  Massachusetts,  Kansas  and  California.  In  one  place,  however, 
the  Pfeififer  bacillus,  in  another  the  streptococcus  hemolyticus  and  in  a  third 
some  form  of  the  pneumococcus  has  been  believed  to  be  the  cause  of  the  dis- 
ease. Suspicion  has  also  been  cast  upon  various  strains  of  streptococcus,  the 
micrococcus  catarrhalis  and  the  staphylococcus.  In  one  laboratory  there  has 
been  no  difficulty  in  isolating  the  Pfeififer  bacillus  from  the  throats  of  influenza 
patients;  in  another  this  organism  has  not  been  found  and  good  reason  is  fur- 
nished to  support  the  belief  that  the  disease  is  of  purely  streptococcic  origin. 
These  differences  of  opinion  with  respect  to  the  initial  cause  of  the  infection 
have  existed  to  a  like  degree  in  the  case  of  the  ])neumococcic  organisms  which 
have  been  recovered  from  the  throats  of  the  sick.  One  cam])  rej^orts  more  of 
one  type  of  pneumococcus  than  another.  There  is  agreement  merelv  in  the  ex- 
cessive numbers  of  Type  IV,  but  we  must  remember  that  this  is  onl\-  a  "waste 
basket"  group.  Pneumococci  which  do  not  respond  to  reactions  characteristic 
of  Types  I,  II,  or  III  are  i)lace<l  in  group  four.     It  follows,  therefore,  that  the 
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information  tliat   t\iic   tour  lias  ])rc-\aik-(l  dnrinj,'  the  cpidcniic  i>  not  altfjjic-thcr 
satisfactory. 

In  the  face  of  these  contra(hctor\  re])orts,  not  only  from  army  camps,  fjut 
from  civihan  hihoratories  as  well,  we  are  haiuiicapped  in  determining^  the  true 
cause  of  the  disease.  liasinj^  onr  o])ini(jn  (jn  the  information  which  is  given  in 
di'tail   in  the  i>aii;es  to   follow,  we  make  the   follow  injj  tentative  statement: 

1.  IntUuii/a  i>  an  acule,  highly  infectious  disease  of  unknown  origin,  char- 
acterized 1)\  the  production  of  a  marked  leucopenia  which  results  in  withdrawal 
of  the  natural  defenses  of  the  body  and  the  o])ening  up  of  the  paths  of  invasions 
for  other  pathogenic  organisms  which   may  he  ])resent. 

2.  We  are  of  the  opinion  that  one  reason  for  the  variation  in  the  manifes- 
tations and  course  of  the  disease  in  different  communities  has  been  due  to  dif- 
ference in  the  combinations  of  organisms  which  have  worked  symbiotically  with 
the  specific  cause  of  influenza.  This  accounts  for  the  finding  of  one  organism 
prexalent  in  one  place  and  another  organism  dominant  in  another. 

3.  \\'e  are  of  the  opinion  that  the  epidemic  of  influenza  which  occurred  in 
the  fall  of  1918  was  not  a  new  entity  but  a  recurrence  or  reappearance  in  a 
more  virulent  form  of  the  disease  which  had  prevailed  in  the  various  Army 
Camps  during  tlie  ])re\ious  year.  Our  iustification  for  this  statement  is  that 
there  are  many  incidents  of  people  who  largely  escaped  the  disease  in  the  fall 
and  who  had  experienced  or  lived  through  a  similar  but  much  milder  epidemic 
during  the  pre\ious  spring.  In  other  words,  we  may  say  the  soldiers  who  had 
clinical  influenza  in  camp  prior  to  x\ugust  and  those  who.  although  having  no 
clinical  manifestations  of  the  disease,  lived  through  such  an  epidemic,  were 
less  gravelv  affected  when  the  more  virulent  organisms  reached  them  in  the  fall. 

4.  ^^'e  believe  that  the  largest  single  factor  influencing  the  spread  of  in- 
fluenza is  the  susceptibility  of  the  individuals  among  whom  it  has  been  intro- 
duced. If  these  individuals  b.ave  been  once  attacked  by  the  disease  even  in  a 
mild  form  or  lived  through  a  miid  epidemic  without  showing  clinical  symptoms, 
they  suffer  less  when  the  disease  is  again  introduced.  Among  communities  not 
previously  exposed  to  influenza,  this  disease  has  usuallx'  involved  from  20  to  50 
per  cent  of  the  ])ersonnel.  The  exact  number  afl'ected  is  determined  by  the  num- 
ber of  people  who  are  naturallv  immune  or  ha\e  secured  immunity  by  previous 
exposure. 

5.  It  appears  that  natural  immunity  gives  way  before  exposure.  o\erwork 
and  fatigue,  as  was  demonstrated  years  ago  by  Pasteur  in  his  experiments  on 
birds  with  anthrax.  Likewise,  it  is  possible  for  human  beings  to  have  their 
resistance  lowered  by  exposure  to  unaccustomed  en\ironment  so  that  although 
naturally  immune,  the  standard  of  immunity  is  reduced  to  the  point  where  the 
influenza  \irus  gains  admittance,  and  o\ercomes  the  lowered  resistance. 

6.  We  belie\e  that  not  only  the  rapidity  with  which  the  disease  spreads,  but 
its  virulence  is  in  direct  jiroportion  to  the  density  of  the  susceptible  population. 
In  communities  such  as  army  camps  and  large  cities,  the  contact  of  individuals 
is  so  close  and  so  intimate  that  even  though  extra  precautions  are  taken  it  is 
quite  impossible  to  ])revent  disease  from  ultimately  reaching  all  persons.  Pre- 
cautions such  as  quarantine,  spreading  out  of  the  personnel,  closing  places  of 
assembly,  delay  the  progress  of  the  disease  but   fail  to  wholly  prevent  it. 
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At  present  and  with  the  data  at  hand  we  can  not  go  further  with  reference 
to  the  causation  and  diffusion  of  the  pandemic.  In  this  paper  it  is  our  province 
to  dcscriljc  the  spread  of  the  disease  through  the  army  camps  and  to  interpret 
the  significance  and  conditions  of  its  distrihution,  with  the  uhimate  aim  of  sug- 
gesting measures  which  may  be  of  value  in  the  future  in  combat  with  the  same 
disease. 

Influenza  and  pneumonia  so  far  surpassed  other  diseases  during  the  autumn 
season  that  they  overshadowed  all  others.  It  was  expected  that  on  account  of 
seasonal  change  and  the  assembling  of  many  susceptibles  during  the  fall,  mea- 
sles would  again  become  an  immediate  factor  among  the  communicable  diseases 
in  our  camps.  In  fact,  there  was  no  such  outburst  of  this  disease  as  occurred 
during  the  previous  fall.  Without  exaggeration  it  may  be  said  that  for  the  time 
being,  at  least,  influenza  and  ])neumonia  suppressed  other  infectious  diseases. 
Typhoid  fever  increased  to  a  barely  noticeable  degree.  The  death  rate  from 
this  disease  w'as  somewhat  higher,  but  the  total  number  is  so  small  as  to  barely 
warrant  comment  and  not  to  justify  any  definite  conclusion.  Scarlet  fever  and 
malaria  were  both  lower  than  during  the  summer.  In  fact  there  was  but  one 
scarlet  fever  outbreak  of  any  importance  and  that  occurred  at  Camp  Hancock. 
Within  two  weeks  over  300  cases  were  reported  and  this  marks  the  largest 
scarlet  fever  epidemic  that  occurred  in  the  camps  in  this  countiy  at  any  time. 
Meningitis  increased  although  it  did  not  reach  the  prevalence  of  the  previous 
winter.  The  weekly  incidence  curve  for  all  troops  in  this  country,  as  will  1^'^ 
shown  in  Section  II,  suggests  that  meningitis  was  in  some  instances  a  sequela  to 
influenza.  The  greatest  meningitis  incidence  corresponds  with  the  influenza 
peak.  Diphtheria  showed  no  material  increase.  Deaths  from  tuberculosis  were 
higher  in  the  autumn  than  in  the  two  previous  periods,  the  death  rate  rising 
from  18  per  100,000  during  the  summer  to  46  in  the  autumn.  The  rate  for  the 
previous  winter  was  15.  The  most  plausible  explanation  for  this  increase  in 
deaths  is  that  dormant  and  incipient  cases  introduced  into  the  army  during  the 
preceding  year  had  accumulated  and  possibly  were  hastened  into  the  acute  stage 
both  by  the  duties  of  camp  life  and  by  the  prevalence  of  the  epidemic  of  in- 
fluenza and  pneumonia.  Quite  naturally  there  had  been  from  the  time  of  the 
first  assembling  of  troops  an  accumulation  of  tuberculous  individuals,  inasmuch 
as  such  men  were  not  discharged  but  were  kept  in  the  army  and  under  govern- 
mental control  and  provision. 

Looking  back  over  the  years  1917  and  1918,  we  are  deeply  impressed  wiP^. 
the  influence  of  immunity  in  governing  the  spread  of  infectious  diseases.  Ap- 
parently measles  is  a  very  specific  disease,  one  attack  immunizing  an  indi\idual 
for  a  lifetime,  and  there  is  no  other  process  so  far  as  we  can  see  by  which  im- 
munity to  this  disease  may  be  secured.  Introduce  measles  among  a  susceptible 
])opulation  to  which  it  has  been  a  stranger  and  it  will  burst  forth  and  spread 
rapidly.  This  is  what  happened  in  the  fall  of  1917.  On  the  other  hand,  menin- 
gitis is  a  disease  to  which  a  large  portion  of  the  population  is  naturally  imnume. 
It  is  a  striking  fact  that  in  the  army  camp  meningitis  has  not  shown  marked 
effects  of  contact  infection.  Where  cases  have  occurred  they  have  been  for  the 
most  part,  at  least,  sporadic  and  apparently  without  connection.  This  iihenom- 
cnon  has   been   observed   throughout   the   seasons.      As   the    rural    populatioii    is 
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more  susccptililc  to  nua^lcs  on  account  of  lack  of  previous  cxjjosurc,  the  same 
is  true  of  ])neuiiiniiia  lo  a  nitaiu  degree  at  least.  Tii  our  camps  it  is  the  rural 
rallier  tliau  tlu-  urhaii  man  who  contracts  jmeumonia.  The  latter  is  immune 
largely  not  hccause  he  has  had  pneumonia,  hut  hecause  he  has  heen  hrought  fre- 
quently in  contact  with  pneumonia  causing  organisms  and  this  >light  hut  re- 
peated inoculation  has  gi\en  him  a  certain  degree  f)f  immunity.  Whereas  the 
rural  mrm  is  normally  more  susceptihle  to  the  pneumonias  when  hrought  in  con- 
tact with  the  organisms  causing  these  diseases,  his  susceptihility  may  be  in- 
creased still  further  by  such  en\  ironmcntal  factors  as  the  weather  and  fatigue. 
The  proof  of  this  has  heen  amply  demonstrated  in  the  numerous  cases  where 
organizations  have  heen  shifted  from  one  camp  to  another.  A  journey  by  troop 
train  has  almost  invarial)l}-  resulted  in  wide  inoculation  and  the  development  of 
a  common  salivary  flora.  Incidences  of  this  kind  will  be  in  evidence  as  we  de- 
velop camp  histories.  Men  who  were  apparently  well  when  starting  out  have 
been  taken  off  the  train  sick  and  immediately  transferred  to  the  hospital.  There 
are  not  isolated  instances  of  this,  but  it  is  a  common  experience.  The  influence 
of  travel  and  fatigue  in  lowering  resistance  is  applicable  to  both  urban  and 
rural  men.  hut  is  more  noticeable  in  the  latter  because  their  susceptibility  is 
greater  to  start  with. 

A  general  summary  of  the  occurrence,  dissemination  and  methods  employed 
in  the  various  camps  to  control  disease  will  be  given  later.  It  is  sufficient  to  say 
in  this  introductory  paragra])h  that  the  diseases  which  ha\e  prevailed  among  our 
troops  have  been  for  the  most  part  inevitable  on  account  of  our  ignorance  of 
their  etiology  and  the  methods  necessary  for  their  prevention.  Along  these  lines 
there  is  a  need  for  a  vast  amount  of  experimental  work.  We  may  hope  that  this 
will  be  done  and  information  obtained  which  will  enable  us,  should  similar  con- 
ditions arise  in  the  future,  to  know  how  best  to  proceed  to  mobilize  a  great 
army  and  at  the  same  time  preserve  the  men  from  death  by  sickness.  At  present 
the  most  encouraging  field  in  which  to  look  for  this  knowledge  is  to  be  found 
in  that  of  preventive  inoculation.  The  success  attained  with  smallpox,  typhoid, 
dijihtheria  and  tetanus  points  the  way.  It  is  to  be  ho]>e(l  that  the  pneumonias 
will  yield  to  like  procedures.  It  remains  for  the  bacteriologist  to  press  vigor- 
ously his  inquiries  into  the  etiology  and  epidemiology  of  the  respiratory  diseases, 
especially  the  ])ncunionias.  influenza,  scarlet  fever  and  measles.  \\  hen  the  vi- 
ruses of  these  diseases  have  been  definitely  identified  and  the  avenues  by  which 
they  are  disseminated  are  discovered,  it  will  be  possible  to  still  further  greatly 
reduce  the  deaths   from  sickness  not  only  in  military  but  in  civilian  life. 

Section  II 

Death  and  Disease  ix  the  .\kmv  as  .\  \\hole 

A.    CAUSES    OF   death 

A\'e  have  pointed  out  in  our  published  review  of  disease  in  the  army  for  the 
six  winter  months,  October,  1917.  to  March.  1918.  inclusive,  that  diseases  of  the 
respiratory  tract  caused  the  greatest  number  of  deaths.  Of  the  respiratory  dis- 
eases pneumonia  stands  above  all  others.  During  the  winter  period  in  question, 
respiratory   diseases,   which   were   interpreted   to   coxer   meningitis,   pneumonia, 
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measles,  scarlet  fexer,  (lii)litlieria  and  luberculosis,  were  res])()nsihle  for  17  per 
cent  of  all  deaths  among  troops  quartered  in  the  U.  v^.  Pneumonia  alone  was 
responsible  for  61^2  per  cent  of  all  deaths.  During  the  H\e  simimer  months 
from  April  to  August.  1918,  inclusive,  inieumonia  was  responisble  for  49.3  per 
cent.  During  the  autumn  season,  the  four  months  from  Sc])teml)er  to  December, 
1918.  inclusive,  ]ineumonia  and  influenza  were  resiK)nsil)le  for  93.7  per  cent. 
Pneumonia  therefore  stands  out  as  the  one  infection  against  which  the  greatest 
efforts  should  be  directed. 

The  actual  number  of  deaths  and  the  annual  rate  per  100,000  from  each 
cause  for  the  summer  season  are  given  in  Table  2.  The  average  strength  of 
the  troo])s  in  this  country  at  this  time  was  1,420,000.  This  number  is  a  fairly 
representative  average,  for  at  no  time  did  the  strength  drop  below  1,300,000,  nor 

Table  2 

Causes  of  Death 

All  Troops  in  the  United  States 

Five  Summer  Months,  Week  Ending  April  5,  to  Aug.  30,  1918 

Average  Strength— 1,420,000 


disease 

NUMBER    OE    DEATHS 

ANNUAL    RATE    PER 
100.000 

Pneumonia 

1679 

279. 

Diseases  other  than   here  mentioned* 

665 

111. 

Meningitis 

248      ■ 

41.3 

Tuberculosis 

109 

18.1 

Empvema 

86 

14.3 

Scarlet  Fever 

26 

4.3 

Typhoid  and  Paratyphoid  fever 

20 

3.3 

Measles 

19 

3.2 

Diphtheria 

5 

.84 

Total  disease 

2857 

474. 

Causes  other  than  disease** 

558 

92.8 

All  causes 

3415 

567. 

'Includes    appendicitis,    septicemia,    heart    disease,    nephritis,    etc. 
**Includes    burning,    fracture,    suicide,    gunshot   wounds,    etc. 

(See   Chart  III) 

did  it  at  any  time  exceed  1,700,000.  The  strength  increased  gradually  from  April 
through  August,  the  maxium  occurring  in  the  week  ending  August  16,  there 
being  at  that  time  1,678,000  men  on  the  army  rolls  in  this  country. 

Taking  up  the  summer  season  we  see  from  Table  2  that  next  to  pneumonia 
as  a  cause  of  death,  is  the  group  designated  "diseases  other  than  here  men- 
tioned," which  includes  for  the  most  part  the  nonconlmunicable  diseases,  such 
as  appendicitis,  sejiticemia,  heart  disease,  etc.  The  annual  death  rate  per  100,- 
000  for  pneumonia  was  279 ;  that,  for  this  miscellaneous  group  of  many  diseases, 
111.  Next  to  "causes  other  than  disease,"  meningitis  stands  third  on  the  list 
with  a  death  rate  of  41.3.  This  is  followed  by  tuliercttlosis  with  a  rate  of  18.1, 
and  empyema  with  a  rate  of  14.3.  The  last  named  disease  was  not  listed  sep- 
arately in  the  fall  of  1917  but  increased  in  prominence,  and  as  will  be  seen,  is 
a  factor  of  no  little  consequence.  Next  follows  scarlet  fever  and  trailing  after 
this  are  typhoid,  measles,  and  last  of  all  diphtheria.  We  regard  it  as  a  remark- 
able fact  that  1,420,000  men  can  live  together  in  the  close  association  necessary 
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in  c:\\]]\)  .-iihI  r.iiUdiiiiicni  wiilioiit  ilicic  rcsultinj^  nifjrc  than  five  deaths  frr^iii 
•  liplillu'ii.i.  Il  is  ;i  liihiilc  In  incx  ciil  i\  c  iiicdicinc  tlirif  ihis  disease  has  heen 
rcndd'cd  s{  i   iiniinlnit. 

Tlicix-  were  Inil  Iwciily  dciilis  during  this  tiiiu-  from  txplioid  and  paratyphrjid, 
and  tlu'sc  were  tor  ilic  mosi  p.nt  ;ini(»njf  men  new  to  the  service  vvIkj  harl  received 
their  inoculalinn  .ilicr  the  typhoid  hacilhis  had  gained  entrance  to  their  bodies. 
The  deaths  from  causes  oilier  th.in  (hsease  total  558,  and  j)lace  this  third  in 
the  hsl  w  ith  ;m  .annual  r.ale  per  100,000  of  '>2..S. 

The  deaths  and  rates  for  the  autumn  seas(jn  are  ,t^iven  in  'ral)le  3.  'J'he  aver- 
ai^c  stren,i»th  for  this  period  was  1,493,000,  the  maximum  at  any  one  time  being  for 
the  week  ending-  v'^ei)teml)er  13,  1918,  when  there  were  listed  1,689,000  men. 
'J'hc  lowest  strength  occurred  in  the  week  ending  December  27,  1918. when  de- 
mobilization was  well  under  way.  there  being  at  that  time  1,036,000  men.  As 
in  the  summer  and  in  the  ])re\ious  winter,  pneumonia  is  the  great  reaper.  This 
season  marked  the  period  of  the  influenza  epidemic,  during  which  21,053  deaths 
are  charged  to  ]-)neumonia.  Influenza  was  recorded  as  having  caused  1.133 
deaths.  Although  these  figures  arc  given  separately  in  Table  3,  we  have  com- 
bined the  two  in  Chart  III.  The  annual  death  rate  per  100,000  from  pneumonia 
was  4,300.  This  is  nearly  eight  times  the  rate  of  the  previous  winter,  which  was 
considered  at  the  time  high.  The  group  of  diseases  labeled  "other  than  here 
mentioned"  accounted  for  512  deaths.  This  would  mean  an  annual  rate  of  105. 
"Causes  other  than  disease"  were  responsible  for  a  rate  of  80.2,  and  this  stands 
fourth  in  importance  when  considering  influenza  separately  from  pneumonia. 
Typhoid,  measles,  scarlet  fever,  diphtheria,  each  had  less  than  22  deaths,  there 
being  five  from  diphtheria  for  the  four  months  this  season,  which  is  the  same 
number  that  occurred  during  the  fi\e  months  of  the  summer  season. 

Table  3 

Causes  or  Death 

All  Troops   in  the  United   States 

Four   Autumn   Months.   Week  Ending   September  6,  to  December  27,   1918 
Average  Strength— 1,493,000 


DISEASE 

NUAfBER   or   HEATHS 

AXXIAU    RATE    PER 
100.000 

Pneumonia 

21.033 

4300. 

Influenza 

1.133 

232. 

Diseases    other    than    here    mentioned* 

512 

105. 

^Meningitis 

244 

49.8 

Tuberculosis 

225 

46.0 

Empyema 

102 

20.8 

Typlioid  and  parat}  ]ihoi(l   fever 

21 

4.3 

Measles 

14 

2.9 

Scarlet    fever 

10 

2.0 

Diphtheria 

5 

1.0 

Total  disease 

23,319 

4770. 

Causes  other  than  disease** 

393 

80.2 

All  causes 

23,712 

4850. 

'Includes   appendicitis,    septicemia,    heart    disease,    nephritis,    etc. 
•'Includes    burning,    fracture,    suicide,    gunshot    wounds,    etc. 

(See   Chart   III) 
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To  better  appreciate  the  significance  of  the  deatlis  from  these  wirions  causes 
we  have  presented  in  graphic  form   (see  Chart  III)    death  rates  for  the  three 
seasons,  winter  summer  and  autumn,  placing  together  the  rates   for  each  dis- 
ease.    A  casual  survey  of  this  chart  indicates  that  as  between  the  three  seasons 
pneumonia  decreased  50  per  cent  in  the  summer,  and  then  jumped  enormously 
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ill  llic  anlumn.  Measles  in  the  summer  lime  was  cme-tliird  what  it  was  the 
l)re\i<>u>  winter,  and  there  was  still  a  furtlier  drop  in  the  aiitmiin.  'i'he  deaths 
from  typhoid  increased  from  winter  to  autumn.  Scarlet  fever  decreased  pro- 
gressively. IMeninfjitis  was  greatest  during  the  winter  season,  a  fourth  this 
hgure  during  the  summer,  and  increased  slightly  in  the  autumn.  Diphtheria 
fell  off  perceptihly  during  the  summer  and  autunni.  'I'uherculosis  increased 
slightly  during  the  summer  and  perceptibly  in  the  autumn.     This  increase  may 
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be  charged  to  some  extent  to  the  hastening  of  the  disease  by  an  attack  of  in- 
fluenza. For  the  grou]^  of  diseases  which  liavc  not  been  treated  separately,  and 
in  which  we  have  placed  influenza  on  the  chart,  there  was  a  slight  reduction  dur- 
ing the  summer  and  then  the  number  increased  threefold.  There  was  not  much 
variation  in  the  deaths  from  "causes  other  than  disease,"  the  greatest  figure  oc- 
curring in  the  summer.  The  combined  efifect  of  these  various  causes  is  clear  in 
the  diagram  at  the  bottom  of  the  chart  where  there  is  shown  the  annual  death  rate 
per  1,000  from  all  causes  for  each  season.  The  drop  from  9.1  during  the  winter 
to  5.7  for  the  summer  was  oiifset  by  the  enormous  rise  during  the  autumn  to 
48.5. 

Comparison  of  the  fatality  of  the  disease  within  the  seasons  has  been  illus-  ■ 
trated  in  Chart  IV,  the  graph  in  this  case  showing  the  percentage  of  deaths 
from  each  cause.  Outside  the  variation  in  the  pneumonia  column  which  is  the 
most  striking  feature  of  this  chart,  we  may  call  attention  to  the  relative  increase 
in  the  deaths  from  "diseases  other  than  here  mentioned"  and  the  "causes  other 
than  disease"  during  the  svunmer  season.  The  deaths  from  these  two  causes 
were  greater  in  proportion  to  the  total  deaths  during  the  summer  than  during 
the  previous  winter  or  the  autumn.  The  three  diseases,  scarlet  fever,  diphtheria 
and  tyj)hoid  (and  paratyphoid)  make  up  approximately  1  per  cent  of  all  deaths. 

A  rate  is  significant  only  in  contrast  to  some  other  rate.  The  army  death 
rates  may  be  more  clearly  understood  if  we  show  what  has  happened  in  civilian 
life.  Our  most  accurate  civilian  rates  are  to  be  found  by  going  back  to  the 
year  1910,  for  this  was  the  census  year,  and  the  mortality  and  population  statis- 
tics are  more  reliable  than  in  the  years  following  when  populations  have  to  be 
estimated.     In  Table  IV  we  have  placed  side  by  side  for  the  different  diseases 

Table  4 

Comparison  of  Death  Rates  of  Army  and  Civilian  Males,  Age  20  to  29  Years 

Annual  Rate  per  100,000 

DISEASE  army  civilian    MALES 

Pneumonia  *431.  45.5 

Meningitis  70.6  4.6 

Scarlet  fever  4.7  1.9 

Diphtheria  2.2  2.0 

Typhoid  fever  2.8  47.2 

Measles  5.6  .94 

Tuberculosis  24.4  206. 

All  causes  *760.  642. 
Note:     Army  Period  is  average  of  time  from  October,   1917,  to  December,   1918,  inclusive. 

Civilian  Period  is  year  1910. 

*The    "Autumn    Season"    has   been    omitted    in    the    Army    Rates    for    Pneumonia    and    All    Causes    be- 
cause  of   the    influenza    epidemic    for   which    there    is    no    counterpart    in    civilian    life    during    1910. 

both  the  army  rate  and  the  rate  for  civilian  males  in  the  Registration  Area.  This 
army  rate  is  made  up  from  a  weighted  average  of  the  winter,  summer  and  au- 
tumn seasons.  In  the  case  of  pneumonia  and  death  from  all  causes,  the  au- 
tumn rate  has  been  omitted.  This  was  the  influenza  season  and  the  deaths  under 
these  two  headings  are  abnormal,  and  there  is  nothing  comparable  in  1910  in  the 
civilian  rates.     The  civilian  rate  is  made  ui)  of  males  in  the  age  grou])  twenty 
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to  twenty  niiK-  years,  as  lliis  is  the  fairest  comparison  with  the  ann\.  'I"he>c 
rates  are  expressed  in  terms  of  annnal   rate  per  100,000. 

Added  si^niilieanee  is  ,t,n\en  to  this  tal;Ie  by  cxpressinj^  the  rates  frr)m  the 
two  sources  in   It'i'nis  of  a  ratio  a^  is  done  below: 

Divithnj;  one  rate  by  the  other  we  see  that — 

Pneumonia  is  '^)  times  greater  in  the  army. 

Meningitis  is  15  times  greater  in  the  army. 

Scarlet  fever  is  2.5  times  greater  in  the  army. 

Diphtheria  is  1.1  times  greater  in  the  army. 

Measles  is  6  times  greater  in  the  army. 

Deaths  from  all  causes  are  1.2  times  greater  in  the  army. 

Tuberculosis  is  8  times  greater  in  civilian  life. 

Typhoid  fever  is  17  times  greater  in  civilian  Ife. 

There  is  a  wealth  of  signihcance  in  the  relation>lii[)  exi)ressed  above. 

Tuberculosis  and  tyi>hoid  fever  are  the  two  diseases  in  which  the  army  far 
excels  civilian  life.  Tul^erculosis  is  less  in  the  army  because  the  tuberculous  in- 
dividual has  for  the  most  part  been  prevented  by  the  medical  examination  fron; 
entering  the  army.  Typhoid  fever  is  less  in  the  army  because  every  man  is 
given  a  protective  typhoid  inoculation  and  because  water  supplies  are  under 
close  supervision. 

Diphtheria  and  scarlet  fever  pre\ail  in  the  army  in  about  the  same  degree 
as  in  civilian  life. 

Measles  is  much  greater  in  the  army  because  susceptible  people  have  been 
drawn  in  from  rural  territory  and  brought  in  contact  with  the  disease  in  camp. 
In  other  words,  the  exposure  of  susceptibles  has  been  increased  upon  entering 
the  service. 

Pneumonia  is  greater  in  the  army  probably  for  two  reasons :  One  is  that 
the  susceptible  person  has  been  placed  in  more  frequent  proximity  with  the  in- 
dividual who  habitually  harbors  these  organisms  in  his  throat.  The  second  is 
that  the  hardening  process  of  camp  life  is  a  severe  strain  upon  many  constitu- 
tions, especiall}-  in  the  first  few  weeks.  Cold,  exposure,  and  fatigue  are  suffi- 
cient to  lower  the  person's  natural  resistance  to  a  point  where  either  his  own 
jMieumococci  become  harmful  or  where  the  pneumonia-causing  germs  from  other 
individuals  infect  him. 

Meningitis  has  not  appeared  in  the  army  as  an  epidemic  disease.  It  is 
true  that  some  camps  have  had  many  more  cases  than  others,  but  the  cases  arc 
never  localized  in  any  one  organization.  Rather  do  these  spring  up  sporadicallv 
at  widely  separated  points.  The  fact  that  meningitis  has  been  fifteen  times  as 
prevalent  in  the  army  as  among  young  civilian  males  is  explained  by  the  enor- 
mous multiplication  of  human  contacts  in  cam]).  It  is  pro1)able  that  few  people 
are  susceptible  to  meningitis.  We  knovi^  that  meningococcic  carriers  exist.  In 
camp  the  carriers  rub  elbows  with  some  of  this  susceptible  population.  Menin- 
gitis occurs  for  the  most  part  in  the  cold  or  changeable  seasons.  The  greater 
exposure  which  the  soldier  undergoes  in  camp  makes  colds  more  frequent.  Se- 
cretions from  the  sinuses  pour  down  in  greater  quantity  than  normallv.  and  be- 
come smeared  over  the  hands  of  the  soldier.     As  Lieut. -Col.  Hans  Zinsser  has 
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SO  clearly  stated,  the  common  colds  increase  the  secretion  from  the  upper  sinuses 
bringing  down  into  the  nasopharynx  bacterial  matter,  which  would  not  happen 
if  the  colds  were  absent.  In  this  way  it  is  probable  that  many  people  whose 
secretions  are  normally  free  from  the  meningococcus  become  dangerous  car- 
riers when  the  secretions  from  these  deeper  pockets  are  loosened.  The  prob- 
lem facing  army  sanitarians  is  revealed  in  Table  4.  It  is  pneumonia  and  menin- 
gitis against  which  the  greatest  efforts  must  be  directed. 

B.    CAUSES    01^    SICKNESS 

The  most  frequent  causes  of  sickness  serious  enough  to  make  the  soldier 
take  to  his  bed  are  those  minor  infections  such  as  colds,  grippe,  mumps,  bron- 
chitis, etc.  During  the  summer  season  there  were  almost  530,000  admissions 
for  this  group  of  diseases.  Expressed  in  terms  of  annual  rate  per  1,000  this 
would  be  about  882.  The  rate  for  venereal  disease  was  156,  which  is  about  one- 
fifth  of  that  of  the  above  group  of  diseases.  Measles  stands  next  in  frequency, 
and  this  is  followed  by  pneumonia,  malaria,  and  scarlet  fever.  Last  come  men- 
ingitis, dysentery,  and  typhoid.  Admissions  for  disease  represent  94  per  cent 
of  the  total  admissions.  The  absolute  number  of  admissions  and  the  rate  per 
1000  will  be  found  in  Table  5. 

Table  5 

Causes  oe  Admission  to  Hospitai,  axd  Quarters 

All  Troops  in  United  States 

Five  Snmmer  ^lonths,  Week  Ending  April  5,  1918,  to  August  30,   1918 
Average   Strength— 1,420,000 


DISEASE 

NU.MBER    OE    ADMIS- 
SIONS 

ANNUAL    RATE   PER 
1000 

Disease    other    than    here    mentioned* 

529,887 

882.          . 

Venereal 

93,959 

156. 

Measles 

13,949 

23.2 

Pneumonia 

8,912 

14.8 

^lalaria 

2,467 

4.11 

Scarlet  fever 

2,029 

3.38 

Meningitis 

497 

.83 

Dysentery 

496 

.83 

Typhoid  and  paratyphoid   fever 

156 

.26 

Total  disease 

652,352 

1082. 

Causes  other  than  disease** 

39,722 

66.0 

All  causes 

692,074 

1148. 

Includes   minor   affections    such    as    colds,   la   grippe,    mumps,    whooping   cough,    bronchitis,    influenza, 
etc.,   and   the   rarer   diseases   like   smallpox,   anthrax,   tetanus,   etc. 
**Includes    fractures,    sunstroke,    gunshot   wounds,    etc. 

During  the  autumn  season  we  find  for  the  miscellaneous  group  of  diseases 
only  381,000  admissions,  which  gives  an  annual  rate  of  778.  This  is  less  than 
the  rate  for  the  summer.  However,  the  admissions  for  influenza,  which  were 
included  in  the  miscellaneous  group  during  the  summer,  amounted  during  the 
autumn  to  338,000.  If  this  were  added  to  the  miscellaneous  group  in  the  au- 
tumn, the  admission  rate  would  amount  to  about  1,400.  The  fact  that  the  ad- 
mission rate  for  the  miscellaneous  group,  exclusive  of  influenza,  was  less  in  the 
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autumn  indicates  that  many  of  the  minor  ilhiesses  were  avoided,  the  persons  who 
miirlit  have  had  these  having  influenza  instead.  The  greatest  difference  hetween 
autumn  and  summer  so  far  as  admissions  are  concerned,  is  in  pneumonia.  The 
summer  rale  had  been  14.8.  The  rate  in  the  autumn  was  125.  Next  to  pneu- 
monia comes  measles  with  a  rate  of  24.1.  After  this  come  malaria,  scarlet  fever 
and  meningitis,  the  table  concluding  with  dysentery  and  typhoid.  Disease  dur- 
ing the  autumn  was  responsible  for  95  per  cent  of  the  total  admissions.  These 
data  are  given  in  Table  6. 

That  we  may  better  api)reciate  the  significance  of  these  admission  rates  we 
ha\e  shown  in  Chart  V  the  rates  for  each  disease  by  seasons,  comparing  one 
season  with  another.  This  picture  is  not  greatly  diff'erent  from  the  chart  of 
deaths.  The  pneumonia  cases  dropped  off  in  the  summer  and  increased  enor- 
mousl}-  in  the  autumn.  The  greatest  measles  rate  occurred  in  the  winter  sea- 
son, dropped  to  about  one-fifth  of  this  figure  in  the  summer  and  remained  there 
during  the  autumn.  Scarlet  fever  decreased  progressively,  the  autumn  rate  being 
about  one-third  that  of  the  previous  winter.  Meningitis  dropped  appreciably  in 
the  summer,  the  winter  and  autumn  rates  being  about  the  same.     Venereal  dis- 

Table  6 

Causes  of  Admission  to  Hospital  and  Quarters 

All  Troops  in  United  States 

Four  Autunui  ^vlonths,  Week  Ending  September  6,  1918,  to  December  27,   1918 
Average  Strength— 1,493,000 

DISEASE 

13isease    other    tban    here    mentioned* 

Influenza 

Venereal 

Pneumonia 

Measles 

Malaria 

Scarlet  fever 

Meningitis 

Dysentery 

Typhoid  and  paratyphoid   fever 

Total  disease 

Causes   other   than   disease** 

All  causes 

*Includes  minor  affections  such  as  colds,  la  grippe,  mumps,  whooping  cough,  broncliitis.  etc.,  and 
the  rarer  diseases  like  smallpox,  anthrax,  tetanus,  etc.  Influenza  is  no  longer  carried  as  a  "minor 
affection." 

**Includes    fractures,    sunstroke,    gunshot    wounds,    etc. 

ease  was  greater  in  the  summer  and  dropped  off  slightly  in  the  autumn.  For 
ihe  miscellaneous  group  of  diseases  the  rate  is  lowest  in  the  summer.  This 
takes  a  great  rise  in  the  autumn  due  to  influenza.  At  the  bottom  of  the  chart 
is  a  graph  showing  the  rates  for  all  causes  of  admission,  over  90  per  cent  being 
due  in  each  case  to  disease.  It  is  surprising  not  to  find  the  autumn  rate  much 
larger  than  it  is,  in  view  of  the  influenza  epidemic.  It  is  not  larger  becau.se  the 
miscellaneous  grouj)  of  diseases,   which  makes  up  the  bulk  of  the   admissions, 
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1000 

380,928 

778. 

338.342 

690. 

64,672 

132. 

61,191 

125. 

11,789 

24.1 

1,331 

2.72 
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2.17 

619 

1.27 

237 

.48 

131 

.27 
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82.6 
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is    s(i    ^rcil    iKiinially    that    a<l(liti<iiial    a(lllli^^iou^    for    spccilic    cau>es   affect    tlie 
total   rati'  Itnt    sli,t(litly. 

In  ordi'i-  to  uiuKTstaiid  the  \ariation  tliat  occurs  in  tlic  dilTcrcnt  seasons  in 
the  factors  wliicii  send  nun  to  the  hospital,  we  have  expresserl  in  Chart  VI,  the 
percentaj^e  of  di>lril)ution  of  ailniissions  by  seasons.  The  most  noticeable  fea- 
tures in  tliis  chart  art'  the  faHini;  off  of  measles,  durinj^  the  summer  months,  the 
increase  ot  Neiurcal  disease  during  the  summer  months,  the  position  of  measles 
in  the  autunui,  and  the  increase  of  pneumonia  in  the  autumn.  vScarlet  fever, 
meningitis,  malaria  and  typhoid,  together  caused  less  than  1  per  cent  of  all 
lios]iital  admissions  each  season. 

c.  case:  mortality 

Some  idea  of  the  sericnisness  of  disease  in  the  arm}-  and  tlie  \ariations  in 
fatality  from  season  to  season  may  be  gained  by  ])lacing  the  cases  and  deaths 
from  each  cause  side  by  side  and  computing  therefrom  the  case  mortality.  This 
Ave  liave  done  in  Table  7.     We  have  grouped  the  records  of  the  three  seasons 


Table  7 
Case   MoRTAi.nv   Rates   eor  Certaix    Diseases   at   Different   Periods   of   1917  and   1918 

(All  Troops  in  United  States) 


DISEASE 

SEASON 

CASES 

DEATHS 

%  fatality 

1917 

8.479 

952 

11.2 

Pneumonia 

Winter 

17-18 

13,393 

3.100 

23.1 

Summer 

'18 

8,912 

1.679 

18.8 

Autumn 

'18 

61,191 

21,053 

34.4 

Scarlet    Fever 

1917 

1.966 

48 

2.4 

Winter 

17-18 

4,253 

40 

0.9 

Summer 

'18 

2.029 

26 

1.3 

Autumn 

•18 

1.060 

10 

1.1 

^leasles 

1917 

44.158 

20 

0.05 

(uncomplicated) 

Winter 

17-18 

58.035 

52 

0.09 

Sununer 

'18 

13,949 

19 

0.14 

Autumn 

•18 

11.789 

14 

0.12 

Diphtheria 

1917 

1,163 

12 

1.03 

1917 

1,027 

zr^ 

31.7 

Meningitis 

Winter 

17-18 

2,264 

604 

26.6 

(all  forms) 

Summer 

'18 

497 

248 

50.0 

Autumn 

•18 

619 

244 

39.5 

Typhoid  and 

1917 

238 

18 

7.6. 

paratyphoid 

Winter 

17-18 

124 

7 

l.(> 

Summer 

'18 

156 

20 

12.8 

Autumn 

'18 

131 

21 

16.0 

Influenza 

1917 

32.248 

7 

.02 

Autumn 

"18 

338.343 

1.133 

.34 

XoTE :  W  ith  the  exce])tion  of  the  year  1917,  these  figures  should  he  accepted  with  cau- 
tion. They  represent  the  number  of  cases  and  number  of  deaths  within  a  definite  period. 
Cases  and  deaths  do  not  necessarily  represent  the  same  group  of  people.  Some  deaths  may 
result  from  cases  reported  in  a  previous  season.  Other  deaths  may  occur  in  the  season 
following  the  case  record  and  thus  he  omitted.  For  the  true  facts  we  must  await  the 
analvsis  of  the  Sick  and  Wounded  cards. 
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and  \\\c  li,t;urcs  for  llic  \c;iv  l')17  whicli  ;iro  laki'ii  from  the  Sui"t,a'on  (k'ncral's- 
Annual  J\ci)oi"t.  A  number  of  inlcrcsling  facts  arc  brouglil  duI  in  this  table. 
In  the  first  place  we  see  a  variation  from  season  to  season  in  the  case  mortality. 
Durini;-  the  entire  year  l'M7  the  case  mortalit}'  rale  for  pneumonia  was  11.2  per 
cent.     Durino-  the  winter  months  this  rale  increased  to  23.1  per  cent,  more  than 
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<I()iil)I(.'.  'riuTf  i>  ail  (»\ crlapiiiii!^  in  tlicst"  Iwo  scasfjiis.  tlircc  of  the  winter 
months  beiny  included  in  the  record  for  the  year  1917.  The  winter  of  1917-18 
was  characterized  hy  epidemics  of  measles  and  hronchopneumonia.  It  is  these 
two  causes,  mainly  the  latter,  which  are  res|)onsil)le  for  the  increased  case  mor- 
tality in  the  second  period.  As  pneumonia  decreased  durinj^  the  suummer,  the 
severity  of  the  disease  likewise  lessened  and  the  case  mortality  dropped  to  18.8 
])er  cent.  During-  the  in(luen/a  period  in  tlie  autumn  of  1918,  hronchopneumonia 
increased  to  a  tremendous  degree  and  not  only  did  the  absolute  number  of  cases 
increase,  but  the  case  mortality  rose  to  34.4  per  cent. 

Meningitis  shows  a  wide  variation  from  season  to  season.  The  case  mor- 
tality rate  for  1917  was  31.7  per  cent.  Durinj^  the  winter  of  1917-18  this  dropped 
to  26.6  per  cent.  Durin<^  the  summer  season  it  rose  to  50  per  cent.  The 
months  of  April  and  May  are  included  in  the  summer  group  and  it  is  the  ex- 
perience in  ci\il  life  that  meningitis  is  most  prevalent  in  the  spring.  In  the 
autumn  the  case  mortality  dropped  to  39}4  per  cent,  which  is  higher  than  the 
rates  for  the  first  tv^o  periods. 

The  case  mortality  for  typhoid  and  paratyphoid  was  7.6  per  cent  during 
the  year  1917.  This  dropped  to  5.6  during  the  wdnter  of  1917-18,  then  rose  to 
12.8  per  cent  in  the  summer  and  to  16  per  cent  in  the  autumn.  Scarlet  fever 
shows  the  highest  case  mortality  during  the  year  1917.  This  figure  dropped  to 
nearly  %  this  rate  during  the  winter  months  and  remained  only  slightly  above 
this  level  for  the  remainder  of  the  year. 

The  measles  deaths  are  so  few  in  number  and  so  small  as  compared  to  the 
cases  that  the  case  mortality  rates  are  without  much  significance.  The  only  point 
of  interest  is  that  the  rates  were  higher  during  the  summer  and  autumn  than  they 
were  during  the  previous  winter  or  the  previous  year  although  the  measles 
epidemic  period  is  included  in  these  latter  periods.  Considering  the  changes  in 
the  case  mortality  rates  from  season  to  season,  we  find  no  similarily  in  the  dif- 
ferent diseases.  No  disease  had  its  highest  rate  during  the  winter  of  1917-18. 
The  summer  of  1918  saw  the  highest  rate  in  meningitis  and  measles.  The  au- 
tumn of  1918  marked  high  rates  for  pneumonia  and  typhoid. 

D.  we;e;kly  incidence  of  deaths  and  disease  among  troops  in  this  country 

COMPARED   WITH   THE  EXPEDITIONARY  FORCE 

The  figures  given  above  represent  summaries  for  entire  seasons.  It  is  in- 
teresting to  follow  the  disease  rates  from  week  to  week.  It  is  possible  in  this 
connection  to  compare  rates  for  disease  and  death  among  the  troops  in  this 
countr}^  with  the  rates  for  the  American  Expeditionary  Force.  The  weekly 
rates  expressed  as  an  annual  rate  per  thousand  are  given  in  Table  8. 

In  the  first  column  appear  deaths  from  all  causes  and  these  figures  have 
been  illustrated  in  Chart  VII.  The  troops  in  this  country  show  a  higher  rate 
than  the  the  Expeditionary  Force  during  November  and  December  a«d  up  to 
the  first  week  in  January.  From  this  time  rates  for  the  Expeditionary  Force 
forge  ahead  and  remain  greater  up  to  the  second  week  in  October.  It  is  at  this 
time  that  the  influenza  epidemic  was  at  its  height  in  this  country  and  for  two 
weeks  the  home  troops  unexposed  to  rifle  fire  died  ofif  at  a  greater  rate  than  the 
men  abroad  who  were  exposed  to  hardship  and  the  l)ullets  of  the  enemy.     Rates 
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for  the   Expeditionary   Force   followiiif,^  the   third   week   in   October   are   hifi;her 
ihan  that  for  the  trooj.s  in  this  country  and  remain  so  for  the  remainder  of  the 

year. 

"Death  from  Disease  Only"  is  illustrated  in  Chart  VI 11.    It  will  he  noted  that 
the  troops  at  home  had  higher  rates  than  those  ahroad  up  to  the  second  week 
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Ml  January.  I  lie  U-adcrshi])  is  then  rt-vcrsfd  for  several  weeks,  but  by  tiie  la>t 
week  in  March,  rates  for  the  men  in  this  country  aj^ain  exceed  those  for  the 
men  abroad  and  tliis  relationship  continues  with  hut  here  and  there  an  inter- 
ruption for  the  rest  of  the  year.     This  is  a  striking  fact  and  one  that  demands 

serious  th(iui,Hu   from  [\v)<v  who  are  charj^ed  with  the  duty  oi  recruiting  armies. 
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There  is  more  disease  amoni;'  the  liome  troops  l)ecause  their  vital  resistance  is 
reduced  by  the  transition  from  civilian  to  army  life.  The  rates  for  the  Expe- 
ditionary Force  are  low  because  the  new  recruit  and  the  weakling  do  not  go 
across  to  France.  The  weakling  is  weeded  out  before  he  leaves  and  the  new 
recruit  becomes  a  seasoned  soldier  Ia-  tiic  time  he  sails.     The  hardships  of  war 
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and  trench  life,  tlK'n-t'orc,  arc  of  less  conscquencf  in  makintj  armies  free  from 
disease  than  is  the  aihni>si()n  of  nc-u   recruits  to  tlie  ranks. 

A(hnissi()ns  lor  ]>ncuinonia  I  st-c  Chart  IX)  he^an  anifjiij^  the  troops  in  this 
country  as  early  as  the  third  week  in  Octoher,  1917.  l-'rom  that  time  until  the 
last  week  in   .M,-i\-  the  rate  thictnated  from  10  to  iX,  remainini'  mo>t  of  the  time 
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in  the  twenties  and  thirties.  'JMiere  was  a  (h'opping  off  after  May.  Durinji;  June 
and  July  we  see  relatively  little  pneumonia.  A  slight  increase  occurs  during 
the  latter  part  of  August  and  the  figtn-e  remains  fairly  constant  up  to  the  third 
week  in  September  when  the  influenza  epidemic  broke  out.  The  highest  rate 
tor  any  week  was  592  for  the  week  ending  October  11.     From  that  time  until 
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the  end  of  the  year  tlu-  rate  docs  not  fall  below  26.  I'neunioiiia  in  the  Kxpc- 
dilionary  l^^orce  is  IjcIow  dial  of  [\\v  troops  at  home  for  the  first  three  months. 
I)urin^;  |aiuiar\-  the  rates  for  the  nicn  aI)road  are  nearly  twice  as  great  as  the 
trcjo[)s  in  this  countr}'.  In  February  the  rate  is  less  than  for  the  troops  here. 
From  Ainil  lo  October  the  rates  are  similar.  Octoljer  and  the  following  months 
witnessed  much   higher  rates  among  the  tro(j[JS  in  this  country. 
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Dysentery  occurred  to  a  very  slii,dU  degree  in  this  country  and  ahroad. 
(See  Chart  X).  Kor  the  better  part  of  the  time,  from  October,  1917,  up  to 
August.  1918.  the  rates  in  both  usually  were  less  than  1  per  1000.  From  August 
liowever.  for  the  balance  of  the  year  the  rate  for  the  Exi)editionary  Force  crept 
up  to  2.  3.  and  even  7.9  for  one  week,  the  prevailing  figure  being  around  4. 
During  the  same  time  in  this  country  the  rate  was  always  below  1.     Differences 
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in  llu'  .sanil.itioii  n\   ilic  t\\i>  forcfs  arc  tliu^  rcllcctcd  in  llic  (ly.sciitcry  incidence. 

The  t\|)lii)i<l  lalcs  wcic  less  tlian  dysentery.  (vScc  Chart  X.)  On  only  one 
occasidii  (hiriii.n  this  entire  period  (hd  the  rate  for  the  lrooi>s  in  this  country 
exceed  1  per  lOOO,  and  on  only  seven  weeks  was  the  rate  for  the  Kxpeditionary 
Force  al)o\c  1.  The  highest  rate  for  any  week  was  2.1,  that  heinj(  the  third 
week  in  Deceniher.  1*^1S.  (icnerall)-  s])eakin}^,  the  rate  for  the  Expeditionary 
i"^)rce  was  slij,duly  greater  than  for  the  troops  in  this  country. 

'Phroujjhout    th.e    entire    fifteen    months    which    we    are    discussin<{,    malaria 
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l)rc\ailed  (o  a  greater  extent  among  troops  in  this  country  than  among  those 
abroad.  (See  Chart  XI.)  The  highest  rate  was  for  the  first  week  of  this  period, 
that  ending  October  5,  1917.  The  rale  fell  after  November  to  1  or  2  and  con- 
tinued until  May.  We  are  si:}eaking  of  the  home  troops.  From  June  till  Sep- 
tember the  rate  grew  to  5,  6  and  7  and  then  returned  to  1  and  2  for  the  re- 
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inainiiii;-  three  iiioiitlis  of  (he  yr;ii-.  I'^or  t!ic  exi)C(liti()nary  troops  the  r.'itc  was 
less  than   1    per  1000  tvxo-thirds  of  the  time. 

'iMic  .greatest  difference  between  the  two  forces  will  be  found  in  the  rate 
I'oi-  M'uereal  disease;  the  home  troops  ha\  inp[  a  rate  many  times  that  of  tiie  force 
abroad.  This  is  (\\.w  to  the  fact  that  a  \ery  j.(reat  portion  of  venereal  disease 
occurs  anion^^  recruits  who  are  infected  beff)rc  enlistment.  In  a  general  way 
tlie  additions  of  new  men  to  the  army  are  rellected  in  the  venereal  rate.  This 
is  evident  in  Chart  XII,  wiierc  we  ha\c  a  high  rate  during  the  fall  of  1917,  the 
camps  at  that  lime  being  first  estal)Hshed.  'i'he  rate  then  falls  until  the  spring 
wlien  new  increments  are  added  and  the  rate  rises.  'J'he  rate  continues  at  a 
high  level  until  August  and  September,  when  new  draft  calls  are  made  with  a 
corresponding  rise  in  the  venereal  rate.  As  the  influx  of  new  men  ceases  in 
the  fall  of  191S,  the  \  enereal  rate  drops. 

The  influence  of  the  new  recruit  is  illustrated  also  by  the  weekly  rates  for 
measles,  fv'^ce  Chart  XI 1 1.)  Throughout  the  entire  time  the  troops  in  this 
coimtry  ha\e  many  times  the  measles  admissions  of  the  troops  abroad.  Ap- 
jiarently  there  was  but  one  epidemic  period,  that  being  in  the  fall  of  1917. 
From  March  to  December  tbe  measles  rate  was  below  40.  The  rate  for  the  troops 
abroad  was  likewise  higher  during  this  early  ])eriod,  and  after  this  it  fluctuated 
between  5  and  15. 

Meningitis  is  a  disease  that  prevailed  t(j  a  greater  extent  among  troops 
abroad  tban  among  troops  at  home,  and  this  relationship  persisted  continuously 
throughout  the  fifteen  months.  (See  Chart  XIV.)  There  are  no  great  dif- 
ferences between  the  rates,  but  that  for  the  Expeditionary  Force  is  always 
slightly  in  the  lead.  The  highest  rates  are  from  December,  1917,  to  March, 
1918,  inclusive,  and  in  October,  1918. 

Both  the  Expeditionary  Force  and  the  troops  in  this  countiy  had  scarlet 
fever  about  the  same  time;  namely,  during  the  first  four  months  of  1918.  (See 
Chart  XV.)  The  Expeditionary  Force  seemed  to  suffer  more  in  this  respect 
than  the  troops  in  this  country,  and  as  is  the  case  with  meningitis,  the  relation- 
shij^  is  fairly  constant  throughout  the  period,  or  at  least  until  Xo\ember.  1918. 
louring  X'o\ember  and  l)eceml)er  the  rates  in  this  countrv  are  higher  than  those 
rd)road. 

Summing  u])  the  experiences  in  the  two  armies,  that  abroad  and  that  in 
this  country,  we  see  first  that  disease  is  more  ])re\alent  here.  The  exceptions 
to  this  are  dysentery,  meningitis  and  scarlet  fever.  There  is  more  disease  in 
this  country  because  the  men  are  more  susceptible.  The  home  army  is  more 
susceptible  because  it  contains  a  greater  projiortion  of  new  men.  The  new,  un- 
seasoned recruit  is  therefore  responsible  for  more  sickness  than  is  caused  among 
seasoned  men  by  undergoing  the  hardships  of  physical  and  mental  fatigue  and 
exposure  of  coml)at.  In  other  words,  the  natural  susceptibility  of  the  individ- 
ual is  a  greater  factor  in  the  causation  of  disease  than  cnxironment. 


A  PHYSIOLOGIC  INVESTIGATION  INTO  THE  DYNAMIC  ACTION 
OF  THE  HEART  IN  FUNCTIONAL  CARDIAC  DISORDERS* 

Bv  Carl  J.  Wiggers,  M.D.,  Cleveland,  Ohio 
Recently  Contract  Surgeon,  U.  S.  A. 
AND  Hakrv  D.  Clough,  M.D.,  (Lakewood,  N.  J.) 
1st  Lieutenant,  M.  C,  U.  S.  A. 

PROP)ABLY  one  of  the  mo^^l  reniarkal)le  facts  connected  with  cases  of 
functional  caixhac  disease,  as  encountered  in  mihtaiy  serA'ice,  is  that  no 
definite  ahnormahty  of  the  cardiovascular  apparatus  can  be  found  to  account 
for  the  "effort  syndrome."  The  results  of  physical  examination  are  either  en- 
tirely negative  or  at  most  bring  out  a  systolic  murmur  of  doubtful  import  or  a 
slight  increase  in  the  area  of  dullness.  Modern  instrumental  means  have  also 
not  contributed  anything  to  elucidate  the  condition ;  graphic  methods  have  shown 
nothing  of  importance ;  blood  pressure  studies  have  yielded  only  uncontrollable 
data  upon  which  to  build  fanciful  hypotheses.  The  electrocardiographic  studies 
so  far  undertaken  indicate  that  the  impulse  spreads  in  a  normal  manner  and  rate 
across  the  conducting  system  of  the  heart — this,  it  may  be  added,  we  are  able  to 
confirm. 

Nevertheless,  the  impression  can  not  be  eradicated  that,  when  a  patient 
presents  such  ostensible  symptoms — at  times  amounting  to  extreme  distress — 
as  are  designated  by  the  term  "effort  syndrome,"  some  distinct  and  tangible  ab- 
normality of  the  cardiovascular  apparatus  must  exist.  On  a  priori  grounds,  one 
naturally  suspects  the  contractile  function  of  the  ventricular  myocardium.  How 
do  the  cardiodynamics  of  normal  individuals  and  of  those  with  functional  dis- 
orders compare?  This  is  a  question  that  merits  every  investigation  that  modern 
methods  and  apparatus  can  suggest.  As  a  prelude  toward  such  a  study,  we  de- 
termined to  investigate  the  duration  of  the  isometric  period  and  the  length  of 
systole  in  those  cases  upon  the  basis  of  considerations  which  must  be  briefly 
presented. 

For  a  number  of  years,  Frank,  Tigerstedt,  Piper,  Starling  and  the  writer^ 
have  been  engaged  in  studying  the  dynamics  of  the  ventricle  by  means  of  optical 
manometers  recording  with  a  high  degree  of  precision.  Such  studies  have  shown 
that  when  the  ventricles  begin  to  contract,  the  pressure  within  the  cavities  is 
immediately  elevated.  This  quickly  completes  the  closure  of  the  a-v  valves  al- 
ready begun  toward  the  end  of  ain-icular  systole  (Henderson  and  Johnson) - 
(Dean).^  As  the  semilunar  valves  remain  closed  while  the  pressure  continues 
to  rise  for  another  .03  to  .04  second,  the  ventricle  contracts  isometrically,  i.  e., 
the  ventricular  musculature  is  unable  to  shorten  because  no  blood  is  expelled  from 
the  cavities  and  therefore  all  the  energy  developed  is  expended  in  raising  the  in- 
traventricular pressure,  'i'o  this  period  of  rising  tension,  one  of  us  has  given 
the  name  "isometric  period."     Upon  opening  of  the  semilunar  \alves,  blood  is 

*Published  by   permission  of  the  Surgeon   General,   IT.    S.   Army,   Washington,   D.    C. 
From   the   Cardiovascular   Service   U   S.   Army,   General   Ilospilal   No.   9,   Lakewooil,   New  Jersey. 
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cjciicd  ,111(1  llu'  \  cntiicular  lilicis  slupiicii.  Tliis  is  the  "ejection  perifxl"  or  the 
"auxotoiiic  period  '  ol   the  heart. 

h'.xperiineiital  e\  ideiice  ha-^  shown  in  a  fairly  satisfactory  manner  that  w  hen- 
c\er  the  idiit i  aclik'  power  of  the  \ cntricles  is  impaired,  the  ])rcssure  rises  less 
rapi(h\-  witliiii  the  ca\ilies  (hirint,'  the  isometric  period  and,  consefjuently,  this 
period  is  len}4lhene<L  This  l)eing  so,  the  period  of  systole  is  lengthened.  It  is 
therefore  evident  from  such  experimental  work  that  the  impaired  ventricle  dif- 
fers from  till'  normal  in  ha\in,<^  a  lon^i-r  isometric  ]ieriod  and  consef|uently  an 
increased   duration   of   s}' stole. 

.\  similar,  hut  more  general  concei)tion  has  heen  suggested  hy  Lomi»ard  and 
Cope,'  who,  impressed  hy  the  fact  that  the  period  of  contraction  is  lengthened 
in  fatigued  skeletal  muscle,  conceive  it  possible  that  the  fatigued  cardiac  muscle 
ma}'  similarly  show  a  prolonged  systole.  According  to  this  view,  the  systole  in 
the  tunctionally  im])aire(l  heart  would  not  Ije  terminated  as  early  as  that  of  the 
normal  heart,  such  s}stole  being  longer  without  any  necessary  lengthening  of 
the  isometric  period. 

Is  either  one  of  these  deviations  perhaps  present  in  the  case  of  functional 
cardiac  disorders?  To  throw  light  on  this  question,  we  compared  the  duration 
of  the  isometric  j^eriods  and  the  entire  systolic  period  of  functional  cardiac  cases 
with  those  of  normal  sul>iects  and  with  organic  heart  cases. 

METHODS   OF   STUDY 

An  accurate  study  of  the  isometric  period  and  duration  of  systole  requires 
a  most  reliable  means  for  their  determination  in  man.  Frank  has  pointed  out 
that  the  isometric  period  is  not  a  presphygmic  event  as  has  long  been  taught, 
but  is  marked  as  a  small  preliminary  wave  on  the  carotid  pulse  curve,  when  ac- 
curately recorded  by  optical  capsules.  In  clear-cut  records  the  duration  of  this 
period  may  therefore  be  directly  determined.  The  end  of  systole  is  also  clearly 
indicated  by  a  sharp  incisura  so  that  the  entire  interval  of  systole  may  thus  be 
directly  calculated.'  It  was  soon  found,  however,  in  routine  examination  of  pa- 
tients that  many  tracings  were  obtained  in  which  the  beginning  of  the  prelimi- 
nary wa\e  was  in  doubt,  especially  when,  as  sometimes  happened,  a  double  vi- 
bration jireceded  the  primary  rise  of  pressure.  It  was  therefore  necessary  to 
record  simultaneously  the  heart  sounds  which  was  conxeniently  done  by  the 
improNed  sound  recording  capsules  described  by  one  of  us  and  Dean.'" 

I\'ilnncal. — In  order  to  determine  with  i)recision  the  onset  of  the  isometric  period, 
a  little  construction  is  necessary,  as  the  following  considerations  will  show: 

The  main  vihrations  of  the  first  sound  coincide  with  the  heginning  of  the  ventricular 
pressure  rise  and  therefore  mark  the  onset  of  the  isometric  period.  The  vibrations  of  the 
second  sound  fall  a  short  interval  after  the  end  of  systole  and  correspond  with  the  bot- 
tom of  the  incisura  of  the  pressure  curve  in  the  aorta.  To  correct  accurately  for  delay  in 
transmission  of  vibrations  to  the  neck,  it  is  necessary  therefore  to  place  a  pair  of  dividers 
with  one  point  on  the  onset  of  the  first  sound  vibrations  and  the  other  on  the  second  sound 
vibrations  and  transfer  the  set  dividers  to  the  carotid  curve  so  that  one  point  is  placed  at  the 
bottom  of  the  incisura.  The  other  point  then  cuts  the  wave  representing  the  beginning  of 
the  isometric  period.  The  interval  between  this  mark  and  the  rise  of  the  primary  wave  gives 
the  isometric  period,  while  the  distance  from  this  mark  to  the  beginning  of  the  incisura 
gives  the  duration  of  the  total  systole.  It  is  obvious  that  the  correct  interval  for  systole  so 
determined  is  slightlv  shorter  than  the  interval  between  the  onset  of  the  two  heart  sounds. 


626  THE    JOURNAL    OF    LABORATORY    AND   CLINICAL    MEDICINE 

RcIatio)i  between  Duration  of  Systole  and  Cyeles  of  Different  Lencjtli. — 
It  has  been  a  gencralizalion  in  physiologic  teaching  that  any  cliange  in  the  dura- 
tion of  the  cardiac  cycle  occurs  at  the  expense  of  diastole,  the  period  of  svstole 
being  unaffected.  Careful  studies  have  shown  that,  while  the  major  change  oc- 
curs in  diastole,  systole  is  also  aft"ected.  This  variation  is  so  pronounced  that 
it  actually  aft"ects  the  duration  of  systole  from  one  heartbeat  to  another.  This 
has  been  recently  studied  in  great  detail  by  Lombard  and  Cope*  who  found  it 
necessary  to  establish  an  average  period  of  systole  for  every  length  of  cardiac 
cycle.  Inasmuch  as  their  data  were  published  only  in  preliminary  form  and  were, 
moreover,  obtained  by  tambours  recording  on  a  smoked  surface,  therefore  not 
taking  into  account  the  isometric  period,  it  was  necessary  to  first  study  a  similar 
series  of  normal  cases  with  which  to  compare  the  functional  cases  of  cardiac 
disorder.  To  these  classes  of  individuals  studied  was  added  a  third  of  un- 
doubted but  well-compensated  organic  valvular  disease.  The  cases  of  each  group 
were  carefully  selected  by  Major  F.  Peabody  and  each  case  was  placed  in  its 
group  only  after  careful  examinations  and  conferences  between  Major  F.  Pea- 
body  and  the  members  of  his  staff.  Since  Lombard  and  Cope  have  recently^ 
found  considerable  variation  in  systole  between  the  standing  and  sitting  posture, 
it  is  desirable  to  add  that  all  observations  were  taken  in  the  sitting  position. 

RESULTS 

A.  Normal  Snbjeets. — Normal  subjects  were  selected  from  the  military 
service'  being  largely  officers  who  had  undergone  careful  physical  examination. 
The  results  were  first  tabulated  after  the  following  scheme:  After  each  sub- 
ject in  a  column  headed  "cycle,"  the  duration  of  the  longest  and  shortest  cycle 
was  recorded.  The  figures  for  the  duration  of  the  isometric  period  were  then 
extended  in  a  column  corresponding  to  the  duration  of  systole.  In  this  way 
the  duration  of  the  isometric  period  and  of  systole  was  conveniently  tabulated 
for  cross  reference.  Thus,  figures  for  cycles  ranging  from  1.07  sec.  to  .59  sec. 
(corresponding  to  heart  rates  of  from  56  to  100  per  minute)  were  available.  As 
the  data  in  regard  to  heart  rates  above  80  per  minute  were  rather  scant  and  no 
rates  above  100  per  minute  were  encountered  during  rest,  some  of  these  subjects 
were  requested  to  exercise  by  hopping  one  hundred  times  on  one  foot  and  the 
records  were  again  taken  as  soon  thereafter  as  possible.  The  data  were  similarly 
collected  and  tabulated.  In  order  to  economize  space,  these  and  similar  tables 
are  not  now  published  but  the  combined  data  regarding  the  duration  of  systole 
were  plotted  in  a  common  chart  shown  in  Fig.  1.  In  this  and  subsequent  plots, 
the  dots  represent  the  data  obtained  during  rest,  and  the  crosses,  the  data  ob- 
tained after  exercise. 

Results. — The   following  results  may   be   briefly   emphasized : 

1.  Of  24  cases  studied,  6  (25  per  cent)  had  a  pulse  rate  over  80  while 
resting. 

2.  The  duration  of  the  isometric  period  in  man  is  somewhat  variable  and 
bears  no  definite  relation  either  to  the  heart  rate  or  the  duration  of  systole.  The 
extreme  ranges  were  from  .025  sec.  to  .08  sec.  although  the  largest  number  of 
cases  came  within  the  range  of  .04  -  .06  sec. 

3.  The  general  trend  of  the  plotted  curves,  shows  that  the  duration  of  sys- 
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tolo  hccoiiics  [dogrcssivcly  greater  as  the  cardiac  cycle  increases.  In  general, 
it  iiuiy  he  said  that  the  duration  of  systole  in  normal  men  is  belozij  .25  sec.  tchcn 
the  heart  rate  is  ahnre  KJO  per  minute;  averaging  about  .25  sec.  when  the  heart 
ranges  from  6'(J  to  llHI  per  iiii)iule,  and  about  .28  to  .30  sec.  i\.'hen  the  heart  rate  is 
betiveen  66  and  6'0  per  minute,  lehile  it  is  distinctly  lowjcr  than  .30  sec.  vhcn  the 
heart  is  slozver  than  66  per  miiiule. 


'~ 

~ 

~ 

1— 

35 

- 

an 

' 

.3J- 

' 

' 

' 

, 

■ao 

./*• 

1 

.^ 

* 

J 

1 

.i 

« 

« 

•7 

y 

.« 

a 

e 

t 

«o 

nc 

MO 

Fig.    1. 


1 

■35 

- 

30 

',     1 

' 

' 

1 

, 

' 

; 

' 

1 

*■ 

' 

' 

Jlo 

- 

■ts 

.4 

J3 

■  i 

0 

■i 

A 

■  7 

» 

■1 

r 

■1 

to 

.9 

0 

1- 

00 

r- 

re 

1. 

is 

Fig.    2. 


^ 

1 

■  3i 

1 

■ 

- 

1 

„ 

t 

.  .  1  1 

.30 

1  1 

, 

1  1 

" 

1 

1 

1 

' 

' 

•ar 

' 

_i 

it 

1 

- 

1 

.IS 

_ 

I  1 

1  1  1 

M  ■$» 


■70       -ys      -U  .50  ^00  "o  '** 

Fig.    J. 


628  TH1-;    JOURNAL    OK    LAISOKATOKV    AND    CIJXICAI,    MKDICIXE 

I-!..  Functional  Cardiac  Cases. — The  results  ohtaiiu'd  from  functional  cardiac 
cases  (luring  rest  and  exercise  were  similarly  talnilated  and  from  these  the  plot 
shown  in  Fig.  2  was  made.     The  results  may  be  briefly  summarized: 

1.  Out  of  2S  cases  examined,  21  (84  per  cent)  had  a  pulse  rate  al)ove  80 
]ier  minute  during  rest.  This  confirms  the  general  clinical  observation  that  cases 
of  functional  cardiac  disorders  have  a  much  more  rapifl  heart  rate  than  normal 
subjects. 

2.  As  in  normal  hearts,  the  duration  of  the  isometric  period  with  few  ex- 
ceptions falls  within  the  range  of  .04  to  .06  sec.  and  bears  no  definite  relation 
to  the  duration  of  systole.  It  is  clear  that  these  hearts  do  not  shozv  any  deinon- 
sfrable  deviation  similar  to  the  depressed  myocardiuni  of  experimental  animals 
in  which  the  duration  of  this  period  is  lengthened. 

3.  Owing  to  the  fact  that  the  largest  number  of  normal  hearts  have  a  rate 
below  80  per  minute  but  can  be  accelerated  above  this  rate  by  exercise,  and  by 
far  the  largest  number  of  functional  cases  have  rates  above  80  per  minute  even 
at  rest,  we  are  justified  in  comparing  only  the  data  within  the  range  of  80-100 
per  minute,  for  in  this  range  alone  are  the  observations  sufficiently  numerous 
and  equally  balanced  to  be  really  reliable.  Doing  this,  we  find  that  when  the 
cycles  range  from  .60  to  .75  sec.  the  phases  of  systole  are  distinctly  above  .25 
sec,  the  average  length  in  normal  hearts.  This,  it  may  be  emphasized,  is  a  dis- 
tinct difference  between  normal  hearts  and  the  hearts  of  functional  cardiac  cases. 

4.  AMiile  the  duration  of  systole  for  cycles  of  corresponding  length,  i.e., 
between  .60  and  .75  sec.  is  distinctly  longer  than  in  normal  hearts,  it  is  evident 
that  the  power  of  shortening  the  systolic  phase  is  not  lost.  The  periods  plotted 
in  Fig.  2  for  cycles  longer  than  .60  sec.  indicate  clearly  that  the  duration  of 
systole  may  be  reduced  as  the  heart  becomes  very  rapid.  Unfortunately  not 
enough  normal  data  on  such  high  heart  rate  were  obtainable   for  comparison. 

C.  Compensated  Organic  Cardiac  Cases. — The  organic  cardiac  cases  studied 
represented  a  miscellaneous  group  of  mitral  and  aortic  lesions  in  which  auricular 
action  was  regular  and  no  sign  of  decompensation  was  present.  These  results 
were  again  tabulated  and  are  plotted  in  Fig.  3.  The  essential  features  to  be 
emphasized  are : 

1.  Of  33  cases  studied,  12  (36  per  cent)  had  a  heart  rate  over  80  and  of 
these  only  3  (9  per  cent)  had  a  rate  over  100  per  minute.  This  is  in  agreement 
with  clinical  observations  that  organic  heart  disease  (uncomplicated  by  auricu- 
lar fibrillation)   is  not  characterized  by  rapid  heart  action. 

2.  The  isometric  period  did  not  deviate  from  the  normal  range,  showing  that 
in  compensated  hearts  considerable  valvular  derangement  may  exist  without 
an  alteration  of  the  myocardial  function  similar  to  that  found  in  experimental 
animals. 

3.  If  we  compare  these  groups  of  cases  haxing  before  and  after  exercise 
a  heart  rate  between  80  and  100  ])cr  minute  with  similar  cases  of  normal  and 
functional  hearts,  w^e  find  that  there  is  a  greater  variation  in  the  duration  of 
systole  than  shown  in  the  other  groups.  This  is,  no  doubt,  attributable  to  the 
varied  character  of  the  organic  disorder  which  it  was  not  our  aim  to  in\estigate. 
It  is  evident,  however,  that,  as  in  functional  cardiac  disorders,  a  large  number  of 
cases  have  a  systolic  phase  definitely  above  .25,  thereby  indicating  a  prolonga- 
tion of  svstole. 
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4.  When  we  similarly  compare  tlie  ranj^e  of  systole  in  organic  cases  having 
a  normal  heart  rate  (()f)  to  (SO  j)er  minute)  with  that  of  normal  hearts,  little  dif- 
ference is  found.  In  other  words,  we  may  say  that  hearts  organically  diseased 
when  heating  at  tlic  normal  rate,  ha\e  a  systole  oi  normal  length  which  fails  to 
shorten,  howexer,  as  the  heart  accelerates. 

CONCI.USIOX 

./  /'ossihlr  I'hyslolofiic  Concc [^t'loii  as  to  the  Xaturc  of  the  Dcranfjciiicnt  in 
luinctiniial  and  Ori/aiiic  Cardiac  Piscasc. — .\  consideration  of  these  data  in  the 
light  of  physiologic  facts  makes  possible  the  following  conception  as  to  tiie  car- 
diac derangement  in  cases  of  functional  cardiac  disorders  and  at  least  certain 
types  of  compensated  organic  lesions : 

The  normal  heart  possesses  a  mechanism  whereby  the  systole  is  shortened 
when  the  rate  is  accelerated.  This  i-^  especially  evident  when  the  rate  increases 
beyond  SO  ])er  minute.  In  this  wa\',  we  may  suppose  the  musculature,  while 
sul)jected  to  more  frequent  periods  of  contractile  stress,  is  automatically  spared 
to  some  extent  through  a  shortening  of  systole.  In  functional  cardiac  disorders, 
this  compensatory  mechanism  (whatever  its  nature  and  cause)  may  be  entirely 
abrogated,  or,  what  is  more  common,  does  not  l>ecome  operative  until  the  heart 
has  accelerated  to  a  far  greater  extent  (e.g.,  to  100  to  120  per  minute).  In 
other  words,  whenever  the  functionally  disordered  heart  is  accelerated  above  80 
per  minute,  its  period  of  systole  is  not  shortened  as  that  of  the  normal  heart  and, 
consequently,  the  myocardium  is  exposed  more  frequently  to  a  prolonged  period 
of  contractile  stress.  This  condition,  favoring  the  onset  of  rapid  cardiac  fatigue 
is  more  serious  since  the  hearts  of  these  subjects  are  usually  rapid  even  at  rest. 

It  appears  that  the  same  deficiency  in  the  adjustment  of  systolic  length  to 
the  duration  of  the  cardiac  cycle  exists  in  many  organic  heart  cases.  Owing  to 
the  fact,  however,  that  the  heart  rate  in  these  indi\iduais  is  usually  slow,  at  least 
during  rest  and  moderate  activity,  the  cardiac  myocardium  is  in  this  way  spared 
from  the  consequences  of  such  failure  to  shorten. 

In  conclusion,  it  may  be  stated  that  this  report  represents  but  a  preliminaiy 
study  of  this  question.  Whether  this  dynamic  alteration  will  be  found  character- 
istic of  larger  groups  of  cases,  only  a  more  prolonged  study  of  such  cases  can 
determine.  Whether  the  cardiac  fatigue  produced  by  such  a  deviation  in  the 
dynamic  action  of  the  heart  is  sufficient  to  account  for  the  "eflfort  syndrome" 
must  prove  the  subject  for  an  experimental  in\estigation  in  the  future. 

W'e  wish  to  thank  Air.  Fred  Keyes  and  Corporal  Ford  for  their  technical 
assistance  in  carrying  on  this  investigation. 
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NOTES  ON  THE  EFFECT  OF  INTRAVENOUS  DIARSENOL- 


Bv  W.  C.  Rai'plevk,  AI.D.,  Foxborough,  Mass. 


I.    THE   EFFECT  OX   RED  CELI.   FRAGILITY 

IT  has  been  reported  by  several  observers  that  adnihiistration  of  arsenic  by 
mouth  in  different  types  of  anemia  has  resuUed  in  a  distinct  increase  in  the  re- 
sistance of  the  red  corpuscles  to  hypotonic  salt  solution.  Gunn,  in  1908,  observed 
that  the  immersion  of  red  cells  for  an  hour  in  a  1 :1 0,000  solution  of  arsenious  acid 
increased  the  resistance  of  the  cells  to  hypotonic  saline  and  also  showed  later  that 
the  increased  resistance  conferred  by  arsenical  substances  was  operative  against 
hemolysis  by  hemolytic  chemical  substances.  Hill  was  able  to  demonstrate  the 
antihemolytic  action  of  arsenic  in  chemical  tests.  In  a  case  of  "pernicious  ane- 
mia," administration  of  Fowler's  solution  for  ten  days  in  increasing  doses  dis- 
tinctly increased  the  resistance  of  the  red  cells  to  hemolysis  by  hypotonic  salt 
solution.  Before  treatment,  the  beginning  of  hemolysis  occurred  in  0.475  per 
cent  saline  and  complete  hemolysis  took  place  at  0.325  per  cent,  whereas  the  cor- 
responding strengths  of  solution  causing  hemolysis  after  treatment  were  0.450 
and  0.275  per  cent. 

Similar  studies  have  been  made  with  the  organic  arsenical  compounds,  sal- 
varsan  and  neosalvarsan.  It  has  been  found  that  hi  vitro,  the  presence  of  sal- 
varsan  delays  hemolysis.  In  a  very  small  number  of  clinical  cases,  red  cell  fra- 
gility has  been  determined  before  and  after  injection  of  salvarsan  (0.3  gm.  in- 
travenously) and  no  change  in  the  zone  of  hemol3'sis  could  be  made  out.  In  the 
treatment  of  a  few  cases  of  the  Addison-Biermer  type  of  hemolytic  anemia,  how- 
ever, the  resistance  of  the  red  cells  to  hypotonic  salt  solution  was  definitely  in- 
creased by  intravenous  salvarsan  therapy.  \\'hether  the  decreased  fragility  is 
due  to  an  increase  in  the  resistance  of  the  existing  red  cells  or  due  to  stimulation 
of  the  bone  marrow  and  production  of  young  red  cells  which,  according  to  Snap- 
per and  others,  are  more  resistant,  is  not  at  once  apparent.  The  leucocytosis 
noted  after  intravenous  salvarsan  treatment  may  be  some  evidence  in  favor  of 
the  latter  possibility. 

During  the  diarsenol  treatment  of  cases  of  general  paresis  in  the  hospital 
here,  a  study  of  the  red  cell  fragility  was  made  on  the  blood  of  these  patients. 
Determinations  of  the  zone  of  hemolysis  were  made  on  the  blood  before  intra- 
venous treatment  and  at  intervals  afterward.  It  must  be  borne  in  mind  that  the 
blood  of  these  patients  was  essentially  normal  in  so  far  as  nothing  of  note  in  the 
cytolog}',  hemoglobin  content  or  blood  counts  was  found.  For  this  reason,  one 
might  be  inclined  to  expect  no  change  in  the  fragility  determinations  following  the 
introduction  of  diarsenol  into  the  blood  stream. 

The  dose  of  diarsenol  used  in  each  instance  Avas  0.5-0.6  gm.  (8.0-9.0  gr.), 
representing  0.15-0.18  gm.  (2.4-2.7  gr.)  elemental  arsenic,  a  considerable  amount 
of  arsenic  were  it  not  for  the  fact  that  it  is  in  organic  combination  and  50-75 
per  cent  of  the  diarsenol  is  promptly  excreted  unchanged.     The  further  excre- 

Trom    the    Foxborough    State    Hospital,    Foxboroiigh,    Mass. 
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lion  of  arsenic  into  tlu-  urine  in  some  (jthcr  form  (as  yet  undcterminefl )  and  the 
rapid  decrease  in  the  amount  fcnuid  in  the  l>lood  plasma  gives  but  a  limited  op- 
portunity for  the  arsenic  to  act  upon  the  red  cells,  although  it  seems  established 
that  arsenic  is  found  in  the  red  corpuscles  for  s<jmc  time  after  the  plasma  is  free 
from  it.     The  fit^nnx's  are  gi\cn  in  Table  T. 
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CASE 

ZONE   OF    HEMOLYSIS 

TIME   AFTER 

ZONE   OF    HE.MOIASIS 

BEFORE   TREATMENT 

TREATMENT 

AFTER  TREATMENT 

% 

% 

1 

0.44  to  0.31 

5 

mill. 

0.43  to 

0.2S 

2 

0.42  to  0.27 

5 

" 

0.44  to 

0.29 

3 

0.46  to  0.30 

5 

" 

0.46  to 

0.30 

4 

0.42  to  0.30 

5 

" 

0.44  to 

0.30 

5 

0.42  to  0.32 

5 

" 

0.44  to 

0.31 

6 

0.42  to  0.28 

10 

" 

0.43  to 

0.30 

7 

0.40  to  0.28 

10 

" 

0.40  to 

0.29 

8 

0.42  to  0.31 

10 

" 

0.43  to 

0.31 

9 

0.44  to  0.34 

30 

" 

0.44  to 

0.34 

10 

0.44  to  0.32 

30 

" 

0.43  to 

0.32 

11 

0.44  to  0.33 

30 

" 

0.44  to 

0.33 

12 

0.45.  to  0.29 

1 

hour 

0.46  to 

0.30 

13 

0.46  to  0.32 

1 

" 

0.45  to 

0.33 

14 

0.44  to  0.33 

1 

" 

0.44  to 

0.33 

15 

0.46  to  0.33 

1 

" 

0.45  to 

0.33 

16 

0.45  to  0.28 

3 

hours 

0.45  to 

0.30 

17 

0.44  to  0.31 

3 

" 

0.45  to 

0.32 

18 

0.46  to  0.33 

24 

" 

0.45  to 

0..V 

19 

0.44  to  0.31 

24 

" 

0.45  to 

0.33 

It  seems  quite  evident  from  these  figures  that  the  fragility  of  normal  red 
cells  is  not  altered  by  diarsenol  introduced  directly  into  the  blood  stream.  Such 
a  conclusion,  however,  does  not  warrant  a  statement  that  in  the  abnormal  blood 
conditions,  such  as  the  hemolytic  anemias,  the  introduction  of  arsenical  com- 
pounds into  the  blood  stream  does  not  increase  the  resistance  of  the  red  cells. 

It.    THE   EFFECT  OX   BLOOD  URE.V    XITROGEX 

It  is  known  that  the  administration  of  arsenic  in  inorganic  form,  as  long 
as  the  substance  docs  not  interfere  with  digestion  or  absorption,  increases  the 
excretion  of  nitrogen,  the  total  nitrogen  of  the  urine  being  increased,  especially 
the  urea  and  ammonia  fractions.  Presumably  this  is  caused  by  a  mutual  interac- 
tion of  several  factors,  including  capillar}-  dilatation,  a  direct  action  on  the  body 
cells,  and  an  action  upon  the  gastrointestinal  tract  and  kidneys.  ^^  eiske.  how- 
ever, has  noted  a  decrease  in  nitrogenous  excretion  and  especially  in  the  amount 
of  nitrogen  in  the  stool  and  it  has  been  maintained  that  the  improvement  in  nu- 
trition following  the  administration  of  arsenic  is  due  to  more  complete  utilization 
of  nitrogen  by  the  digestive  tract  and  a  decreased  decomposition  of  protein  by  the 
tissues.  The  variations  in  the  elimination  of  nitrogen,  however,  vary  within 
narrow  limits  and  possibly  are  not  related  to  the  action  of  arsenic  at  all.  The 
substance  disappears  rapidly  from  the  blood,  being  excreted  or  taken  up  by  the 
tissues,  presumably  forming  firm  compounds  with  the  nucleins. 
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Xot  nuicli  literature  is  a\ailal)lc  dcalin^f  with  tlic  efl"ects  of  salvarsan  or  diar- 
senol  upon  metabolism.  During  the  treatment  of  cases  of  general  ])aresis  here 
\vith  intravenous  diarsenol,  a  few  observations  were  made  upon  tlie  blood  urea  ni- 
trogen values  and  their  beha\ior  in  relation  to  the  introduction  of  the  organic  ar- 
senic. As  commented  on  in  the  note  on  red  cell  fragility,  the  diarsenol  given  intra- 
venously disappears  rapidly  from  the  blood  stream,  the  greater  part  of  it  being  ex- 
creted promptly.  And  since  the  balance  is  in  organic  form  or  probably  combined 
with  the  nucleins  or  other  l)ody  substances,  the  amount  of  arsenic  a\ailable  to  in- 
fluence metabolism  must  be  small. 

'i'he  ])lan  followed  was  to  draw  the  ])lood  just  before  giving  the  intravenous 
diarsenol.  i.  e.,  secure  a  sample  of  blood  from  a  needle  ah^eady  in  place  for  the 
intra\enous  therapy,  and  then  to  secure  samples  at  intervals  after  the  injection, 
one  hour,  three  hours,  and  twenty-four  hours  after  treatment.  The  determina- 
tions were  made  by  the  Marshall  urease  method,  using  the  aeration  and  titration 
procedure.     Each  determination  was  made  on  5  c.c.  of  blood. 

Control  of  the  various  factors  influencing  the  blood  urea  values,  even  the 
fairly  well-understood  factors,  is  difficult.  The  influence  of  diet,  water  intake, 
and  other  features  in  the  day's  routine  calls  for  consideration  and  should  be  con- 
trolled in  order  that  any  variations  in  the  urea  nitrogen  values  ascribed  to  the 
dye  may  be  appraised  with  more  accuracy.  Accordingly,  patients  were  given  the 
diarsenol  before  breakfast,  the  control  blood  having  been  taken  previously.  On 
different  occasions,  blood  was  again  drawn  at  the  end  of  one  hour,  three  hours, 
and  twenty-four  hours  after  administration,  the  patient  having  taken  no  food  or 
water  during  the  short  intervals.  The  close  approximations  of  the  blood  urea 
nitrogen  values  on  the  same  individuals  on  blood  drawn  before  breakfast  at  in- 
tervals of  several  days,  when  there  is  little  or  no  kidney  impairment,  the  individ- 
ual remaining,  of  course,  on  a  similar  diet  and  routine,  is  well  known.  So  the 
values  obtained  twenty-four  hours  after  the  diarsenol  administration  are  rela- 
tively uninfluenced  by  the  diet  of  the  previous  day,  the  blood  being  again  drawn 
before  breakfast. 

The  blood  urea  nitrogen  values  will  be  dependent  in  part  on  the  functional 
efficiency  of  the  kidneys.  And  the  influence  of  diarsenol  upon  these  values  will 
probably  vary  then  with  the  kidney  function.  If  the  diarsenol  acts  in  any  way 
as  a  renal  irritant,  it  may  be  expected  that  the  urea  excretion  will  be  accentuated 
in  the  presence  of  kidneys  which  will  respond  readily  to  the  irritation.  Still, 
our  knowledge  of  the  action  of  arsenical  compounds  upon  metabolism  is  as  vet 
madequate  to  allow  us  to  be  sure  that  such  action  does  not  alter  the  nitrogenous 
substances  of  the  blood  quite  independently  of  any  renal  action.  The  rate  of 
phenolsulphonephthalein  excretion  was  ascertained  in  most  of  the  cases  here  and 
it  can  be  said  that,  in  this  group  of  patients,  the  decrease  or  increase  in  blood 
urea  nitrogen  following  the  use  of  diarsenol  does  not  seem  to  bear  any  relation- 
ship to  the  dye  elimination.     The  figures  are  shown  in  Table  TI. 

In  the  group  of  cases  noted  in  Table  TI,  it  will  be  seen  that  the  introduction 
of  diarsenol  into  the  blood  stream  affects  the  urea  values  but  little,  if  any.  The 
variations  are  within  normal  range.  It  is  true  that  there  is  a  slight  majority  of  the 
cases  which  showed  a  droj)  rather  than  a  rise  in  values  during  the  first  few  hours 
after  the  injection.     Rut  the  drop  is  not  conclusive,  surely  not  as  striking  as  the 
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1  "  8.4 

1  "  7.8 

1  "  9.5 

I  "  1 0.1 

1  "  7.8 

1  "  15.6 

1  "  18.5 

1  "  13.1 

3  liours  16») 

3  •'  16.5 

3  "  8.4 

3  "  9.2 

3  "  13.4 

3  "  11.7 

24  "  11.2 

24  "  13.7 

24  "  10.1 

24  "  15.4 

24  "  11.2 

drop  in  Ijlood  urea  nitrog-en  noted  in  catatonia  and  reported  in  another  connection. 

III.    THlv    EFFECT    ox    KIDNEY    FUXCTIOX 

The  danger  attending  the  use  of  salvarsan  or  diarsenol  therapy  in  cases  of 
nephritis  of  a  nonsyphihtic  character  is  definite.  It  is  known  that  most  of  the 
diarsenol  is  rapidly  excreted  from  the  blood"into  the  urine,  at  least  when  the  func- 
ticHial  efficienc}-  of  the  kidneys  is  good.  The  drug  remaining  in  the  body  ap- 
parently combines  with  the  nucleins.  It  is  not  clear  whether  the  adverse  action 
in  nephritis  is  due  to  direct  action  on  the  kidnexs  In'  the  circulating  drug  and  the 
attendant  attempt  at  its  excretion  or  is  less  direct.  vSince  in  such  cases  the  ex- 
cretory function  of  the  kidneys  is  depressed,  it  may  mean  that  only  a  small  por- 
tion of  the  diarsenol  is  excreted  as  such,  leaxing  the  greater  part  in  the  body 
where  it  is  gradually  altered  in  character  or  combined  with  the  cell  proteins; 
or  the  portion  in  circulation  may  }'ield  arsenical  substances  which  compromise 
more  completely  a  dehcient  kidne\"  function.  The  relationshi]*  nf  kidney  func- 
tion and  the  excretic^n  of  such  substances  as  salvarsan  has  been  but  incompletely 
investigated.  The  fact  that  salvarsan  is  a  dye  substance  and  that  we  judge  kid- 
ney function  in  part  by  the  rate  of  elimination  of  easily  demonstrable  dye  sub- 
stances such  as  phenolsulphonephthalein,  does  suggest  that  in  depressed  kidney 
function  there  is  an  unusual  retention  of  diarsenol  after  its  use.  which  may  ac- 
count for  the  difficulties  seen  in  cases  of  nephritis  in  which  it  is  used,  rather  than 
a  direct  action  of  the  drug  on  the  kidneys. 

The  ob>er\ations  made  here  throw  no  light  on  this  feature,  for  the  diarsenol 
in  the  mine  \\as  not  followed.  The  poim  of  interest  was  to  learn  whether,  after 
the  use  of  considerable  amounts  of  diarsencil,  there  could  be  demonstrated  evi- 
dences of  renal  insufficiency  which  could  be  ascribed  to  the  drug  itself.  The  num- 
ber of  cases  for  studv  was  small  and  for  that  reason  warrants  no  generalization. 
r.ut  it  is  reasonable  to  expect  that  in  cases  which  have  received  many  treatments 
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of  diarsenol  over  a  long  period  there  should  be  some  evidence  of  nephritic  im- 
pairment if  diarsenol  itself  is  a  kidney  irritant  of  any  severity.  It  is  well  recog- 
nized that  kidney  impairment  is  distinct  in  late  stages  of  neurosyphilis  and  the 
kidney  insufficiency  seen  in  cases  of  general  paresis  which  have  been  actively 
treated  with  salvarsan,  for  example,  should  not  be  ascribed  to  the  therapy  unless 
we  can  conclude  that  the  degree  or  frequency  of  impaired  excretory  function  is 
greater  in  treated  than  in  untreated  cases  of  neurosyphilis.  If  organic  arsenical 
compounds  are  excreted  without  special  irritation  to  the  kidney,  we  can  expect 
the  renal  function  to  be  but  little  altered  even  after  many  injections.  It  seems 
likely,  too,  that  the  untoward  effects  of  organic  arsenical  compounds  in  cases 
of  nonspecific  nephritis  is  due  more  to  the  breakdown  of  the  compound  in  the 
body,  the  kidneys  possibly  failing  to  eliminate  this  dye  as  they  also  fail  to  ex- 
crete phenolsulphonephthalein,  than  to  direct  renal  action.  That  the  renal  phe- 
nomena may  be  due  to  the  results  of  the  breakdown  must  be  granted. 

The  rate  of  elimination  of  phenolsulphonephthalein,  the  blood  urea  nitrogen, 
blood  pressure  and  urine  analysis  were  done  on  a  small  group  of  cases  that  had 
received  a  considerable  amount  of  diarsenol  treatment.  The  doses  had  ranged 
from  0.3  gm.  to  0.6  gm. 

The  figures  for  this  group  are  given  in  Table  III. 


Table 

Ill 

CASE 

DIARSENOL 

DYE 

BLOOD 

UREA 

BLOOD    PRES- 

URINE 

% 

NITROGEN 

SURE 

SP.   GR. 

ALB. 

CASTS 

*G.  B. 

19.6  gm. 

20 

8.9 
7.8 

mg-. 

120-85 

1.014 

S.     T. 

H3al. 
Gran. 

*E.  L. 

24.9 

10 

18.5 

102-70 

1.C09 

0 

Occ. 
Hyal. 

J.'  M. 

16.0 

60 

10.1 
13.1 

120-85 

1.010-18 

0 

0 

F.  H. 

29.6 

60 

15.6 
13.1 

115-70 

1.024 

S.  p.  T. 

Gran. 

M.  J. 

26.5 

45 

11.0 
9.5 

118-65 
155-70 

1.010 

0 

0 

J.   J. 

15.6 

40 

15.2 

124-80 

1.030 

0 

0 

R.  D. 

11.0 

35 

12.4 

110-70 

1.025 

\'.  S.  T. 

Gran. 

C.  D. 

Z2. 

60 

8.4 
11.2 

115-80 

1.010 

0 

0 

H.  F. 

12.5 

30 

15.4 

152-85 

1.018 

S.  P.T. 

Gran. 

M.  C. 

17.5 

50 

13.4 

115-80 

1.016 

0 

0 

■'In   bed,    showed    considerable    edema,   general    condition    poor. 

It  will  be  noted  that  several  of  the  above  patients  had  received  a  good  deal 
of  diarsenol  and  so  far  as  clinical  pathology  shows,  their  kidney  function  re- 
mains good.  We  have  had  a  much  larger  group  of  cases  under  treatment  and 
similar  studies  on  them  fail  to  demonstrate  that  diarsenol  has  a  deleterious  effect 
on  the  kidneys  when  their  function  is  good  at  the  outset. 


LABORATORY  METHODS 


AN   EDESTIN   MHITIIOD    FOR  THE  ESTIMATION  OF  PEPSIN  IN 

STOMACH  CONTENTS- 

By  Paul  R.  Fakki.xgtox,  A.B.,  and  Robert  C.  Lewis,  Ph.D.,  with  the 
cooPER.'VTiox  01"   PHH.ir  A\'.   Brown,   A.B.,   Boulder,   Colo. 


THE  purpose  of  the  investigation  here  reported  was  to  devise  a  practical,  easy, 
and  rapid  method  tor  the  preparation  of  a  good  and  uniform  quality  of  pro- 
tein, which  could  be  substituted  for  the  pea  globulin  in  the  method  of  Rose^  for 
the  determination  of  pepsin.  On  account  of  the  complicated  technic  involved 
in  the  preparation  of  pea  globulin  and  because  of  the  difficulty  of  obtaining  it 
commercially,  it  seemed  desirable  to  bring  this  admirable  method  of  Rose,  as 
modified  by  Givens,-  into  the  hands  of  the  practitioner  by  using  a  protein  which 
could  be  readily  secured.  No  attempt  was  made  to  obtain  a  chemically  pure 
protein.  Our  object  was  rather  to  get  a  product  of  fairly  constant  compo- 
sition by  as  simple  a  technic  as  possible. 

As  shown  in  preliminary  experiments,  edestin  has  all  the  qualities  needed 
in  a  substitute  for  the  pea  globulin  of  the  Rose  method.  It  is  precipitated  from 
sodium  chloride  solution  by  the  addition  of  acid,  is  readily  digestible  at  50^  C, 
and  may  be  kept  in  dilute  solution  without  deterioration  for  several  months. 
Like  pea  globulin,  edestin  is  nonpoisonous,  thus  removing  one  of  the  objections 
to  the  Jacoby-Solms^  ricin  method.  Coupled  with  these  essential  properties  we 
have  found  that  edestin  may  lie  obtained  by  a  relatively  simple  procedure.  The 
following  method  of  jireparation  has  proved  most  practical  in  our  hands. 

PREPARATION   OE  THE  EDESTIN 

One  hundred  ten  grams  of  finely  ground!  hempseed  meal  were  shaken  in 
a  bottle  with  a  pint  of  gasoline  to  extract  a  portion  of  the  fat,  and  the  yellow,  oily 
gasoline  was  filtered  off  through  a  folded  filter.  The  meal  was  then  transferred 
to  an  evaporating-dish  and  dried  by  placing  it  in  the  sun,  or  on  a  radiator,  first 
making  sure  that  the  temperature  could  not  get  above  60^  C.  The  meal  was 
stirred  to  break  up  all  lumps  and  treated  in  a  clean  flask  with  200  c.c.  of  a  filtered 
solution  of  10  per  cent  commercial  sodium  chloride  (common  saltL  A  little 
toluol  was  added,  the  mixture  was  shaken  for  a  half -hour  and  allowed  to  stand 
overnight  in  a  cool  place.  Next  day,  the  flask  was  placed  in  a  water-bath  at  50° 
C.  and  allowed  to  remain  there  with  frequent  sliaking  until  it  had  attained  the 
temperature  of  the  bath.     The  mixture  was  strained  through  cheesecloth  to  re- 

*From  the  Henry  S.  Denison  Research  Laboratories  of  the  L'niversity  of  Colorado. 
tThe  meal  may  be  ground  in  a  coffee  mill  or  meat  chopper.  * 
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move  tlic  hulls,  rclicated  to  50°  C,  and  filtered  through  a  folded  filter  in  a  water- 
jacketed  funnel  kept  at  50°  C,  renewing  the  papers  whenever  the  rate  of  filtration 
hecame  too  slow.  The  first  few  cubic  centimeters  that  came  through  were  re- 
heated to  50°  C,  and,  if  any  insoluble  material  was  left,  the  extract  was  poured 
back  upon  the  filter.  It  took  about  two  hours  to  filter  100  to  125  c.c.  from  the 
original  200  c.c.  by  this  metlnjd.  \\  hen  this  amount  of  filtrate  was  obtained,  it 
was  reheated  to  50°  C.  to  make  sure  that  no  insoluble  material  had  gone  through 
tlie  filter.  In  case  a  precipitate  remained  after  heating,  it  was  removed  by  fil- 
tration. 

The  extract  was  now  poured  into  a  half-gallon  grape-juice  bottle  fitted  with 
a  two-hole  stopper  through  which  two  tubes  were  inserted,  one  extending  about 
4  inches  through  the  cork,  and  the  other  to  the  bottom  of  the  l>ottle.  A  little 
toluol  was  added  to  prevent  putrefaction,  and  the  whole  was  mixed  with  9  vol- 
umes of  pure  water,  thus  causing  the  protein  to  separate  out  as  a  white,  floccu- 
lent  precipitate.  The  short  tube  was  closed  with  a  piece  of  rubber  tubing  and  a 
pinchcock,  and  the  bottle,  securely  corked,  was  inverted,  supported  by  a  clamp 
and  placed  in  a  cool  place.  In  four  to  eight  hours  the  edestin  settled  out  in  the 
neck  of  the  bottle,  and  the  clear  supernatant  liquid  was  drawn  ofif  through  the 
shorter  tube,  which  was  adjusted  to  remove  the  last  portions  of  the  clear  fluid. 
The  volume  of  the  W'Ct  precipitate  was  measured,  19  volumes  of  water  and  a 
little  tokiol  were  added  and  the  bottle  was  recorked,  shaken,  and  inverted.  The 
precipitate  was  allowed  to  settle  and  the  cloudy  supernatant  liquid  w'as  decanted 
as  before.  The  wet  precipitate  was  placed  in  a  large  watch  glass,  and  allowed 
to  stand  in  a  warm  place  until  a  dry  cake  of  friable,  brown  material  remained. 
This  was  ground  in  a  mortar  to  a  fine,  almost  white  powder. 

Four  samples  of  edestin,  prepared  by  the  method  outlined  above,  were  found 
to  have  a  surprisingly  uniform  edestin  content.  Table  I  shows  the  various  steps 
in  the  preparation  of  these  samples  as  well  as  the  edestin  content  of  the  finished 
product.  Enough  edestin  was  obtained  in  each  sample  to  carry  out  at  least  500 
analyses  for  peptic  activity  by  the  method  proposed  below. 

Table  I 

Showixg  the  Various   Steps  in  the  Preparation  of  the  Edestin.  the  Purity  oe  the 
Product  Obtained,  and  the  Percentage  oe  NaCl  Present 

sample  no.  1  2  3  4 

Extract,  c.c.  123  110  112  118 

Water  added,  1st.  dilution,  c.c.  1107  990  1008  1062 

Remaining,  1st.  decantation,  c.c.  100  85  75                 93 

Water  added,  2nd.  dilution,  c.c.  1800  1615  1425  1767 

Remaining,  2nd.  decantation,  c.c.  75  50  60                68 
Edestin  obtained  (approximate), 

grams,  4.25  2.75  2.5                3.25 

Edestin  by  Kjeldahl  (5.34 xN),  %  88.53  89.89  90.94              90.35 

Calculated  NaCl*,  % 092 IJ) li)9 1.04 

*An   attempt   to   actually   dctciminc   the   cliloiidc   in    a   small   portion    of   edestin    (Sample    1,   Table    I) 
showed   only   a  trace. 

MKTHOD  01'  PIvPSIN  DKTERIMl NATION 

Inasmuch  as  the  normal  range  of  peptic  activity  is  comparatively  great  and 
slight  variations  in  the  pepsin  number  have  no   clinical   significance,   it   seemed 
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to  US  thai  a  fi\e  \.\\\w  method  for  the  clelermination  cjf  the  i)epsin  nuniher  wouM 
yield  resuUs  of  just  as  imuh  chnical  vakie  as  the  finer  j^raded  seven  or  ten  tuhe 
proiH'chire  ol  (ii\ens-'  and  of  Kosc'  On  this  account  the  following  technic  was 
ado])le(l. 

Solitlioiis  Rcijnlrcd 

1.  Ivlestin  solution:  0.1  j,nn.  of  the  dry,  iinely  j,n"ound  ede>tin  is  weighed 
out  on  a  good  halance,  and  triturated  with  10  gms.  of  common  salt  in  a  glass 
mortar,  at  first  carefully  and  then  more  vigorously.  At  first,  the  edestin  tends 
to  collect  above  the  salt  on  the  sides  of  the  mortar,  but  it  is  soon  scoured  ofif  by 
the  salt.  As  soon  as  the  mixture  is  uniform,  it  is  poured  into  a  100  c.c.  volumet- 
ric flask  (or  100  c.c.  graduated  cylinder),  the  last  particles  are  brushed  in  and 
water  is  added  to  the  mark.  The  flask  is  then  placed  in  a  water-bath  at  50^  C. 
and  shaken  frequently  until  all  the  salt  and  ])rotein  are  in  solution.  A  slight 
cloudiness,  due  largely  to  impurities  in  the  salt,  remains  and  is  removed  by  filter- 
ing through  a  dry  folded  filter  into  a  dry  flask.  P>y  adding  a  little  toluol,  the  solu- 
tion has  been  kept  by  us  for  seven  months  without  deterioration. 

2.  Hydrochloric  Acid,  0.6  per  cent:  This  is  easily  made  by  diluting  16.4''> 
c.c.  of  normal  HCl  to  100  c.c.  with  water. 

3.  Diluted  Gastric  Contents  (1  :20)  :  Five  c.c.  of  the  gastric  contents  to  be 
analyzed,  filtered  through  cotton,  are  pipetted  into  a  100  c.c.  graduated  flask  (or 
100  c.c.  graduated  cylinder"),  diluted  to  the  mark  with  water,  and  thoroughly 
mixed. 

Technic  of  Determination 

Using  a  1  c.c.  pipette  graduated  in  hundredths,  0.85,  0.8,  0.7,  0.5,  0.0  c.c.  of 
water  are  placed,  respectively,  in  a  series  of  five  small  test  tubes  about  1  cm.  in 
diameter.  (Ordinary  test  tubes  will  do  as  well.)  To  each  tube  is  then  added  1  c.c. 
of  0.6  per  cent  HCl,  and  1  c.c.  of  the  0.1  per  cent  edestin  solution.*  The  edestin 
is  promptly  precipitated  out  by  the  acid  as  a  very  fine  precipitate  that  soon  be- 
comes flocculent.  To  the  first  tube,  0.15  c.c.  of  diluted  gastric  contents  (1  :20) 
is  added;  to  the  second  tube,  0.2  c.c. ;  to  the  third,  0.3  c.c. ;  to  the  fourth,  0.5  c.c; 
and  to  the  fifth,  1.0  c.c.  A  sixth  tube  containing  1  c.c.  of  the  acid,  1  c.c.  of  the 
edestin,  and  1  c.c.  of  diluted,  boiled  gastric  juice  may  be  added  as  a  control.  The 
total  volume  is  3  c.c.  in  each  case.  The  contents  are  mixed  by  stoppering  the 
tubes  with  the  finger  and  in\erting,  and  the  tubes  are  then  placed  in  a  water- 

T.\BLE  II 

Showing  the  Contents  oe  Each   Tube  after  the  Digestion  Is   Set  up  and  Also  the 

Peptic  Number  for  Each  Tube 


TUBES 

1 

2 

3 

4 

5 

Water,   c.c 

0.85 

0.8 

0.7 

0.5 

0.0 

0.67c  HCl,  c.c. 

1.0 

1.0 

1.0 

1.0 

1.0 

0.1%    edestin    solution,    c.c. 

1.0 

1.0 

1.0 

1.0 

1.0 

Gastric  juice,    (diluted 

1:20)  c.c. 

0.15 

0.2 

0.3 

0.5 

1.0 

Peptic  number 

133 

100 

67 

40 

20 

*We  have  used  a  protein  solution  of  0.1  per  cent  as  a  matter  of  economy,  and  because  it  permits 
a  1  to  20  dilution  of  gastric  juice,  gives  a  normal  peptic  number  of  about  100,  and  makes  less  trouble 
with  traces  of  undigested  protein. 
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hath  at  50'   to  S2'^   C.   for   15  minules.     'I\'il)lc   ]I   gixes  in  condensed   form  the 
contents  of  each  tuhe  after  they  arc  ready  for  digestion. 

At  the  end  of  the  15  minute  ])eriod,  the  tubes  are  removed  from  the  Ijath, 
the  contents  are  mixed  l)y  invertins^-  as  before,  and  the  tube  is  selected  which 
contains  the  least  amouiTt  of  gastric  juice,  and  in  which  digestion  is  complete  a: 
indicated  by  the  fact  that  no  preci])itate  (or  only  a  slight  trace)  remains.  The 
peptic  number,  which  is  taken  as  an  index  of  the  amount  of  pepsin  present,  is 
calculated  as  the  greatest  number  of  cubic  centimeters  of  0.1  per  cent  edestin 
solution  that  will  be  cleared  up  by  1  c.c.  of  undiluted  gastric  juice  acting  for  15 
minutes  at  50°  to  52°  C.     Hence, 

p     ,• ,  I       Dilution  of  gastric  contents  "-'■  c.c.  0.1%  edestin  used 

Smallest  number  of  c.c.  of  diluted  contents  causing 
complete    digestion 

But,  as  1  c.c.  of  0.1  per  cent  edestin  is  always  used  in  each  tube  of  the  series, 

T,     ,■  ,  Dilution    of    gastric    contents 

i  eiitic  number  =3 -; 2 ._ ._ 

Smallest  number  of  c.c.  of  diluted  contents  causing 
comiilete   digestion 

For  example,  if  digestion  occurs  in  Tubes  2,  3,  4,  and  5,  but  not  in  Tube  1   (cf. 
Table  II),  the 

20 

Peptic  numbers =100. 

0.2 

In  case  the  gastric  contents  have  been  diluted  1  :20,  the  peptic  number  may  be 
readily  obtained  by  reference  to  the  bottom  line  in  Table  II. 

Table  III 
Showing   Results  of   Determinations    Made  bv  the    Proposed   Method 

contents  free  hcl    total  hcl      peptic  number 

Rose-         Edestin 
Subject  Date  Givens        Method 

P.  R.  F.  3/25/18  ~68  93  42  100 

100 

100 

100 
67 

100 
40 
67 
67 

100 
P.  R.  F.         11/25/18  — — — 67* 

"Four  determinations  of  the  peptic  number  were  made  in  this  case,  using  each  of  tlie  four  samples 
of   edestin,    respectively    (cf.   Tal)le    I).      Identical   results   were   obtained. 

The  gastric  analyses  recorded  in  Table  III  are  normal  with  a  single  excep- 
tion (G.  H.)  and  show  that  for  contents  taken  one  hour  after  an  Ewald  test 
breakfast  the  normal  peptic  number  by  the  method  proposed  is  67  to  100,  which 
hapj)ens  to  be  a  little  more  than  twice  that  of  the  pea  globulin  method  of  Givens.'- 


(0.25%) 

(0.34%) 

P. 

R.  F. 

3/26/18 

50 
(0.2%) 

71 

(0.26%) 

42 

p. 

R.  F. 

3/27/18 

60 

(0.22%) 

82 
(0.30%) 

42 

F. 

H.  F. 

3/26/18 

28 

40 

42 

R. 

C.  L. 

3/26/18 

56 

65 

31 

R. 

C.  L. 

3/27/18 

80 

91.5 

42 

G. 

H. 

3/27/18 

21 

29 

18 

R. 

C.  L. 

3/29/18 

61 

74 

0. 

K. 

3/30/18 

40 

56 

X. 

4/  4/18 

— 

— 

— 
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SUMMARY 

Till-  iiulliod  1  HOI )()>(.'( I  Tor  ihc  i»ix'p;irati()n  of  cdotin  f^ivcs  a  product  of  .suffi- 
cicnl  uiiifonuily  to  ]k'  used  in  the  estimation  of  peptic  activity  without  the  neces- 
sity of  ascertaininf^  its  exact  edestin  content.  'I'he  j)roccdure  for  determining^ 
peptic  activity  gives  a  clearer  end  point  tbrm  that  of  the  pea  globuHn  method, 
less  protein  is  required,  and  the  method,  even  to  the  preparation  of  the  edestin, 
is  very  practical  for  clinical  use. 
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TURKISH  WASH  CLOTHS  FOR  PACKS  IN  EXPERIMKXTAI. 

SURGERY* 


By  F.  C.  Maxn,  M.D.,  Rochester,  Mixn. 


MAXY  different  materials  have  been  used  for  packs.  Chief  of  these  is  gauze, 
and  for  general  use  it  is  doubtful  whether  any  material  can  be  found  to  re- 
place it.  In  our  own  work  in  experimental  surgery,  however,  we  have  found 
that  the  turkish  wash  cloth  is  more  satisfactory.  These  wash  cloths  have  several 
advantages  over  other  materials  which  we  have  used,  gauze,  rubber,  silk  and 
paper.  They  can  be  secured  easily,  various  sizes  can  be  obtained,  when  placed  in 
position  they  remain  in  place,  and  contraiy  to  our  preconceived  idea,  when  moist 
they  do  not  irritate  delicate  surfaces  such  as  the  peritoneum  or  pleura,  nor  does 
any  of  their  rough  surface  come  off  into  the  wound.  During  more  than  a  year's 
use  they  have  proved  very  satisfactory,  and  they  are  much  cheaper  than  the  other 
materials. 


*Division  of  Kxpcriniental   Surgery  and  Pathologj-,  Mayo  Clinic. 
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EDITORIALS 


The  Bacteriologic  Examination  of  Suspected  Typhoids 

A  REPORT  from    the    Public    Health    Laboratories    of    Cairo,    Egypt,    con- 
tains a  most  valuable  contribution  on  the  above  named  subject.     Eight- 
een hundred  twenty-seven   suspected   cases   were  examined.      The   report 
is  divided  into  five  parts  : 

(1)  The  methods  of  examination. 

(2)  The   results  of   the  investigation,   showing  the   relative   proportion   of 

the  cases  of  typhoid,  paratyphoid  A  and  paratyphoid  B. 

(3)  Conclusions  as  to  the  diagnostic  value  of  these  bacteriologic  examina- 

tions. 

(4)  The  characters  of  the  bacilli  found. 

(5)  General  conclusions  drawn  from  the  investigation. 

The  methods  of  examination  and  the  material  studied  may  be  divided  into 
the  following  groups. 

/.  Blood  Cultures. — The  method  followed  in  this  procedure  was  a  modifi- 
cation of  that  suggested  by   Conradi.     The   hospitals  were   supplied   with   test 
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tubes  containiii}^  10  c.c.  of  sterile  ox  Itile.  'iMiese  were  inoculated  with  from  2 
to  5  c.c.  of  the  patient's  hlood  and  then  sent  to  the  laboratory.  'J'he  tubes  were 
|)Iace(l  in  the  iiuuhator  wlicic  thry  rcmainc*!  for  4X  hours.  They  were  then 
shaken  and  a  larj^e  loojjful  spread  on  an  hjido-aj^ar  j^late.  After  24  hours  in 
the  incubator,  the  plate  was  examined.  In  some  instances,  71  hours  in  the  in- 
cubator measured  the  time,  but  this  pro]on,i,fation   seemed  to  have  W)  ad\antage. 

//.  feces.- — No  attempt  was  made  to  render  the  stools  fluid  l)y  the  admin- 
istration of  drujj^s.  The  material  was  sent  to  the  laboratory  in  corked  test  tubes. 
If  not  alread\  sufliciently  fluid,  a  thick  sus])ension  in  bouillon  was  made  and  a 
large  loopful  spread  on  each  of  two  i)lates  of  Endo's  medium.  Other  jirepa- 
rations  have  been  tried,  but  this  seems  to  be  as  good  as  any.  Both  typhoid 
and  paratyphoid  bacilli  grcjw  well  on  it.  After  24  hours  of  incubation,  the 
plates  v^ere  examined,  and  if  suspicious  colonies  were  i)resent,  suljcultures  were 
made  again  on  Endo's  medium  with  a  further  incubation  of  24  hours.  In  this 
way,  every  culture  examined  was  obtained  from  a  single  colony  from  a  culture 
which  had  itself  originated  in  a  single  colony.  To  subculture  from  a  single  col- 
ony on  the  original  i>late  does  not  guarantee  purity. 

///.  The  I'rinc. — The  specimens  of  urine  examined  were  obtained  in  the 
ordinary  way  without  precautions  other  than  the  thorough  cleansing  of  the 
vessel  used.  Specimens  were  not  centrifuged  and  two  or  three  drops  of  each 
w'ere  spread  on  a  plate  of  Endo's  medium.  Suspicious  colonies  appearing  after 
incubation  were  purified  Iw  subculture  and  examined. 

Suspicious  colonies  were  purified  by  two  subcultures  before  attempting 
identification.  The  same  procedure  was  not  exactly  followed  throughout  the 
series.  For  the  greater  part  of  the  time,  the  second  subculture  was  introduced 
into  a  bouillon  tube  and  a  glucose-bouillon  tube,  the  latter  containing  litmus  and 
having  a  small  Durham's  tube  within  it  to  demonstrate  the  presence  of  gas.  On 
the  third  day  from  the  commencement  of  the  examination,  the  glucose  tube  was 
observed,  and  if  it  had  become  acid  the  bouillon  tube  was  tested  with  aggluti- 
nating sera.  Occasionally  the  growth  in  the  glucose  tube  show^ed  plainly  that 
the  organism  was  not  a  member  of  the  typhoid  group,  revealing  perhaps  definite 
turbidity  without  acid  formation  or  the  appearance  of  a  pellicle,  when  further 
investigation  was  unnecessary,  but  usually  the  bouillon  culture  was  tested  against 
the  three  sera, — typhoid  and  paratyphoid  A  and  B.  Although  the  presence  of 
gas  in  the  glucose-broth  tube  may  be  taken  to  exclude  the  typhoid  bacillus,  its 
absence  after  twenty- four  hours  by  no  means  excludes  paratyphoid  organisms. 
All  organisms  found  to  lie  typhoid  or  i^aratyphoid  were  subsequently  examined 
in  detail. 

During  a  part  of  the  investigation,  cultures  of  the  isolated  organism  on  agar 
were  prepared  and  tested  by  means  of  agglutinating  sera.  In  a  few  instances 
in  which  negative  result  was  obtained,  but  in  which  the  growth  on  Endo's 
medium  had  been  suspicious,  the  organism  was  again  tested  with  a  positive  re- 
sult. The  report  states  that  the  method  of  identification  detailed  above  has  re- 
sulted in  failure  to  detect  any  typhoid  or  paratyphoid  bacilli  which  were  not  ag- 
glutinable  by  the  corresponding  serum,  but  in  a  routine  examination  it  is  neces- 
saiy  to  establish  a  definite  criterion  on  wdiich  to  base  a  positive  conclusion  and 
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agglutination  liy  the  spccifu-  serum  in  a  sufficient  concentration  is  ])robably  the 
most  satisfactory  that  can  be  ado])tecL 

Of  the  1,827  cases  examined,  i)()siti\e  results  were  obtained  in  297,  or  21 
])er  cent.  This  figure  the  investigators  consider  of  little  significance,  either  as 
an  indication  of  the  number  of  cases  of  typhoid  among  those  presenting  the 
clinical  features,  or  as  an  expression  of  the  value  of  bacteriologic  examinations 
in  diagnosis.  The  total  number  of  specimens  examined  was  5,350,  but  the  num- 
ber from  individual  cases  varied  :  from  some,  seven  or  more  specimens  having 
been  received,  from  others  only  one.  This  variable  factor  may  be  called  the 
degree  of  examination,  and  witli  this  in  view  they  have  been  divided  into 
seven  categories.     The  results  are  given  in  Table  I. 

Table  I 

GROUP  DEGK'-:?:    OF    EXAMIXATIOX  TOTAL         POSITIVE         PER    CENT 

I  Six  or  more  specimens,  including  a  blood  culture 

II  Six  or  more   specimens,   but  not   includino;   a   l)lood   culture 

III  Four  or  five  specimens,  including  a  blood  culture 

IV  Four  or  five  specimens,  but  not  including  a  blood  culture 

V  Two  or  three  specimens,  including  a  blood  culture 

VI  Three  specimens  or  less,  not  including  a  lilood  culture 

VII  Blood  culture  only 

Total  1827  387  21 

Inasmuch  as  the  cases  were  examined  only  for  diagnostic  purposes,  many 
of  those  which  showed  positive  findings  in  the  first  or  second  specimen  were  not 
further  examined.  Therefore  it  is  obvious  that  a  certain  number  of  cases  in 
Group  V  and  VII  would  have  been  in  Group  I  or  III  but  for  this  factor.  The 
relative  proportion  in  which  the  three  organisms  were  found  was  as  follows : 

Typhoid   30=  8% 

Paratyphoid  A    283=73% 

Paratyphoid  B    74=19% 

Five  cases  showing  double  infection  are  not  included  in  these  figures.  One 
case  showed  B.  paratyphosus  A  from  the  blood,  and  B.  typhosus  from  the  feces. 
Two  cases  showed  B.  paratyphosus  A  from  the  blood  and  B.  typhosus  from  the 
urine.     Two  cases  showed  B.  paratyphosus  A  and  B  from  the  urine. 

Beaton,  director  of  the  laboratory,  speaks  as  follows  concerning  the  value 
of  bacteriologic  examinations  as  an  aid  to  diagnosis  in  suspected  typhoid:- 

"Although  the  only  practicable  method  of  arriving  at  a  diagnosis  in  a  sus- 
pected typhoid  is  the  agglutination  reaction,  under  certain  conditions  a  bacte- 
riologic examination  may  be  necessary.  The  diagnosis  may  be  required  in  the 
first  week  of  sickness  when  agglutination  is  not  to  be  depended  upon,  or  the  re- 
action may  be  indefinite  or  fail  altogether  in  a  case  in  which  the  clinical  and  other 
conditions  point  positively  to  a  typhoid  infection,  or  the  agglutination  reaction 
may  be  complicated  and  perhaps  rendered  useless  by  recent  vaccination,  or  the 
question  may  not  be  one  of  simple  diagnosis  but  of  the  continuance  of  infectivity 
in  a  convalescent  or  the  presence  of  bacilli  in  a  carrier.  Under  any  of  these  cir- 
cumstances it  becomes  necessary  to  look  for  the  offending  bacilli  in  order  to  ar- 
rive at  a  definite  conclusion,  and  if  the  bacillus  be  found  this  conclusion  is  at- 
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laiiu'd.  l)Ul  nil  tlu'  other  Iirmd  if  llic  h.icillus  he  not  foun'l,  uo  dcCmitc  conclusion 
can  l)C'  tormulatcd.  W  liilr  a  |io>iti\c  result  is,  other  than  under  exceptional 
(•on(htions,  concdusi\e,  a  ne^alixc  resuU  is  re<^arded  as  havinj^  no  sij^nificance, 
althoui^h  a  ne,!4ati\('  eonehision  may  hecome  more  and  more  justifiable  as  the 
numl)er  ol"  negative  rt'suhs  increases.  All  dia,i,mosis,  clinical,  hacleriologic,  or 
otherwise,  resoKes  itself  ultimately  into  a  (juestion  of  probability.  It  has 
therefore  ap[)eare(l  worth  while  to  emphjy  the  considerable  number  of  ex- 
aminations iiuoKed  in  this  investifi^ation  in  an  effort  to  throw  some  light  on  the 
question  of  the  deforce  of  probability  of  arriving-  at  a  positive  c(jnclusifjn  from 
the  baclerioloj^ic  investigation  of  a  case  of  typhoid. 

The  number  of  cases  in  which  cultures  from  the  blood  were  made  was  1,188, 
and  of  these  226  or  19  per  cent  were  positi\c.  Table  II  shows  the  time  in  the 
progress  of  the  disease  when  blood  cultures  were  made. 

T.VBLE  II 

Blood  Cultures 

total         positive       per  cext 

All  cases  1,188  226  19 

First  week  199  65  33 

Second  week  355  60  17 

Third  week  145  13  9 

Later  than  third  week                 118  8  7 

Unkuowu  371  80  — 

These  figures  show  that  the  probability  of  isolating  the  causative  organism 
from  the  blood  in  the  second  week  is  only  half  that  in  the  first  week,  and  in  the 
third  week  again  only  half  that  in  the  second  week.  However,  it  is  seen  that  even 
in  the  fourth  week  a  small  percentage  gave  positi\e  results. 

In  206  cases  shown  by  finding  the  bacilli  in  the  blood  or  the  urine  to  be  ac- 
tually some  form  of  typhoid  fever,  the  bacilli  were  found  in  the  feces  in  onlv 
12  per  cent.  If  two  or  three  specimens  of  feces  were  examined,  one  of  which 
proved  positive,  it  was  only  exceptionally  that  the  other  one  or  two  proved 
positive  too.  and  in  the  event  of  more  than  three  specimens  being  examined,  in 
no  case  did  all  the  specimens  prove  positi\e.  In  46  cases  in  which  two  or  more 
specimens  were  examined  and  in  which  at  least  one  specimen  proved  positive, 
in  only  eight  did  more  than  one  specimen  prove  positive. 

In  297  cases  in.  which  typhoid  bacilli  were  found  in  the  blood  or  in  the  feces, 
the  same  organism  was  found  in  the  urine  in  only  6  per  cent.  In  51  cases  in  which 
two  or  more  specimens  of  urine  were  examined,  and  in  which  at  least  one  speci- 
men proved  positive,  in  only  nine  did  more  than  one  specimen  prove  positive. 

The  characters  of  the  typhoid  and  paratyphoid  bacilli  obtained  were  briefly 
studied.  In  addition  to  the  specific  agglutination  test,  the  action  of  each  organ- 
ism on  carbohydrates  and  on  milk  was  tested.  The  Bacillus  typhosus  should  pro- 
duce no  change  in  lactose,  saccharose,  and  dulcite,  and  should  form  acid  but  no 
gas  in  mannite  and  glucose.  Of  30  strains  examined,  29  gave  this  typical  re- 
action, although  in  one  case  the  amount  of  acid  formed  from  mannite  was  very 
small.  In  the  case  of  one  strain,  a  bacillus  isolated  from  the  urine,  no  acid  was 
formed  from  mannite  after  five  days ;  this  strain  was  agglutinated  by  a  typhoid 
serum  at  a  dilution  of  one  in  1600. 
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The  Bacillus  tyi)li()sus  coiisistiii.i;'  of  \^  strains  was  tested  on  litmus  milk. 
All  produced  a  decided  acid  reaction  within  24  hours  and  this  persisted  for  more 
than  a  week  in  every  case.  At  the  end  of  the  second  week  with  a  certain  num- 
l)er  of  the  strains  the  medium  had  lost  its  acidity,  and  by  the  end  of  the  third 
week  a  diminution  of  acidity  had  occurred  in  every  case ;  5  strains  showed  re- 
duced acidity,  6  had  returned  to  the  orii^inal  color  of  the  medium,  and  2  had 
become  definitely  alkaline.     No  clottinj^  occurred. 

The  action  of  r)acillus  paratyi)hoid  A  on  carbohydrates  is  characterized  by 
the  formation  of  gas  and  acid  in  dulcite,  mannite,  and  glucose,  while  no  change 
occurs  in  lactose  and  saccharose.     Dr.  Beaton  states : 

"The  strains  of  B.  paratyphosus  A  isolated  proved  to  be  very  erratic  in  their 
action,  and  to  present  in  this  respect  a  striking  contrast  to  the  strains  of  B.  typho- 
sus and  of  B.  paratyphoid  B.  While  conforming  to  type  in  their  action  on 
lactose  and  saccharose  (although  it  must  be  admitted  that  a  definitely  lactose- 
fermenting  organism  would  have  escaped  recognition)  they  presented  a  consider- 
able amount  of  variety  in  their  action  on  dulcite,  mannite,  and  glucose.  Of  303 
strains  examined,  238  gave  the  typical  reaction  to  some  degree,  although  only  94 
produced  a  sufficient  quantity  of  acid  and  gas  for  the  reaction  to  be  considered 
wholly  typical.  The  two  strains  giving  acid  only  in  mannite  and  glucose,  the 
typical  reaction  of  B.  typhosus,  were  agglutinated  by  a  paratyphoid  A  serum  at  a 
dilution  of  1  in  500,  and  were  not  agglutinated  by  a  typhoid  serum." 

Two  hundred  strains  of  this  organism  were  studied  as  to  their  action  on  lit- 
mus milk.  All  produced  acid  after  three  days,  without  the  formation  of  a  clot, 
and  all  remained  acid  after  thirty  days,  still  without  clotting.  This  constitutes 
ihe  typical  reaction. 

The  characteristic  action  of  Bacillus  paratyphoid  B  on  carbohydrates  con- 
sists in  the  absence  of  change  in  lactose  and  saccharose  and  the  formation  of  acid 
and  gas  in  dulcite,  mannite,  and  glucose.  Of  78  strains  examined,  all  gave  the 
typical  reaction.  In  two,  the  quantity  of  gas  formed  from  dulcite  and  glucose 
was  small. 

Twenty-four  strains  of  Bacillus  paratyphosus  B  were  examined  as  to  their 
action  on  litmus  milk.  All  produced  acid  during  the  first  24  hours,  and  this  re- 
action persisted  on  the  second  day.  On  the  third  day,  more  than  half  the  strains 
showed  a  definite  alkalinity,  and  at  the  end  of  the  first  week,  with  20  strains,  the 
medium  was  definitely  alkaline.  After  three  weeks  all  strains  showed  a  strongly 
alkaline  reaction. 

The  most  important  conclusion  to  be  drawn  from  the  data  is  the  relative 
proportion  of  cases  of  typhoid  and  paratyjihoid  A  and  B  found  among  typhoids 
acquired  in  Egypt  and  those  acquired  on  the  Gallipoli  Peninsula.  Among  those 
from  the  Peninsula,  82  per  cent  showed  paratyphoid  A,  and  18  per  cent  para- 
typhoid B.  There  were  among  these  no  typhoids.  Among  40  cases  known  to 
have  originated  in  Egypt,  5  per  cent  were  typhoid;  87.5  per  cent,  paratyphoid  A; 
and  7.5  per  cent,  paratyi)hoid  B.  In  many  of  the  cases  it  was  uncertain  where 
the  disease  originated.  The  figures  show^  at  any  rate  a  great  preponderance  of 
l)aratyphoids  in  both  groups.  No  definite  information  is  available  as  to  the 
amount  of  paratyphoid  fever  in  Egypt  before  the  war,  but  it  may  be  said  that 
paratyphoid  B  occurred,  although  to  a  much  smaller  extent  than  typhoid ;  while 
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cases  of  paratyplioid  ./.  altli(ni,ij;li  i)n)l)alil\  occurring  occasionally,  were  very 
rare.  These  conclusions  are  drawn  entirely  from  the  results  of  agj^lutination 
tests,  and  it  may  be  assumed  for  all  practical  [mrposcs  that  paratyifhoid  A  was 
not  ('iideniic  in  l\!4y|>t. 

It  is  too  early  to  determine  whether  paratyphoid  ./  w  ill  he  established  as  one 
of  the  endemic  diseases  of  Eg>'pt,  but  this  should  in  due  course  constitute  an 
interestin^i?  point  in  connection  with  our  knowdedge  of  the  factors  determining 
the  existence  of  endemic  diseases,  and  a  curve  based  on  the  relative  proportion 
of  cases  of  typhoid  and  paratyphoid  A  and  paratyphoid  D  occuring  in  Egypt 
during  the  next  few  years  should  throw  some  light  on  the  question  of  how  far 
the  absence  of  this  disease  from  a  geographical  area  may  be  due  to  the  fact  that 
it  has  never  been  adequately  introduced  into  the  area,  and  how  far  to  the  lack  of 
conditions  suitable  for  its  development. 

This  report  is  most  interesting,  and  at  the  same  time,  highly  suggestive.  It 
will  be  observed  that  by  all  the  tests  combined  only  21  per  cent  proved  to  be  one  of 
the  known  forms  of  typhoid  fever.  It  would  be  highly  interesting  to  know  what 
the  final  decision  was  in  the  remaining  cases.  If  there  be  three  typhoid  fevers, 
etiologically  considered,  why  should  there  not  be  more?  If  there  be  organisms 
which  we  now  designate  as  paratyphosus  A  and  B ,  there  may  be  varieties  which 
we  will  later  designate  as  C  and  D,  and  so  on.  It  is  possible  and  indeed  highly 
probable  that  so  far  as  vaccination  has  failed  it  is  due  to  the  disease  being  caused 
by  other  members  of  the  typhoid  group,  which  in  all  probability  is  much  larger 
than  we  now  appreciate. 

A  second  most  interesting  point  brought  out  in  this  valuable  report  is  that 
of  the  introduction  of  a  disease  into  a  country  where  it  has  not  hitherto  pre- 
vailed, and  the  possibility  of  the  newly  introduced  organism  supplanting  kindred 
organisms  already  native  to  the  country.  There  are  many  reasons  for  believing 
that  in  the  various  camps  in  this  country  dififerent  organisms  became  predominant 
and  the  dominating  organism  changed  from  time  to  time  with  new  importations. 
It  is  possible  that  the  great  differences  in  the  death  rates  in  the  various  camps  in 
this  countr}-  may  have  been  due  to  this  or  some  similar  cause. 

— r.  c.  J". 


The  Scientific  Research  Fund  for  Stiidij  of  Vcnereid  Diseases 

THE  United  States  Interdepartment  Social  Hygiene  r)oard,  through  its  exec- 
utive Secretary,  T.  A.  Store}-.  Washington.  I).  C.  announces  appropriations 
from  its  Scientific  Research  Fund  to  the  following  institutions  for  the  purpose  of 
investigating  "more  effective  medical  measures  in  the  iirevention  and  treatment 
of  venereal  diseases :" 

Vnivcrsiiy  of  Xcbraska  College  of  Medicine 

1.   (a)     "hivcstii^ation   relative  to  the  devcloiiment   of  an  internal  urinary  antiseptic." 
(b)      "Investigation  of  tlie  value  of  certain  ar.iliu  dyes  in  the  treatment  of  gonorrhea." 
P.oth  under  the  direction  of  E.  G.  Davis.  M.D..  Director  of  Pathological  Laboratory. 
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St.  Louis  Uuh'crsity  College  of  Medicine 

2.  "Studies  in  infection  bj-  gonococci."  Under  the  direction  of  R.  A.  Kinsella,  M.D., 
Director  of  Department  of  Experimental  Medicine. 

U'o)iiaii's  Medical  College  of  Peinisylz'a}iia 

3.  "A  serological  study  of  syphilis  in  pregnant  women  and  nc\v-l)()rn  children  with 
special  reference  to  the  efficacy  of  the  accepted  methods  of  syphilitic  treatment."  l^ider 
the  direction  of  Berta  M.  Meinc,  M.D.,  Director  of  Research  Department. 

Washington  University  School  of  Medicine 

4.  "The  laboratory  (biological)  investigation  of  the  latent  syphilitic  as  a  'carrier.'  " 
Under  the  direction  of  Martin  F.  Engman,  M.D.,  Professor  of  Dermatology. 

Cornell   University  Medical  College 

5.  "Serological  study  of  the  gonococcus  group."  Under  the  direction  of  John  C. 
Torrej-,  Ph.D.,  Professor  of  Hygiene. 

Jefferson  Medical  College  of  Pliiladelfhia 

6.  "A  series  of  studies  for  the  recognition  and  diagnosis  of  treponema  pallidum  in 
venereal  diseases,  and  the  efifect  of  various  drugs  and  materials  as  germicidal  agents  against 
treponema  pallidum."  Under  the  direction  of  Randle  C.  Rosenberger,  M.D.,  Professor  of 
Hygiene  and  Bacteriology. 

Yale  University  Medical  School 

7.  (a)  "Effect  of  anilin  dyes,  particularly  Gentian  Violet  on  the  gonococcus  with  refer- 
ence to  the  growth  of  the  organism  in  media  containing  the  dye  and  with  reference  to  the 
efifect  on  organisms  in  tissue  (therapeutic  effect)."  Under  the  direction  of  J.  '\l.  Flint,  ^f. 
D.,  and  J.  W.  Churchman,  M.D.,  Professors  of  Surgery. 

(b)  "An  intensive  study  of  methods  for  the  isolation  and  identification  of  the  gono- 
coccus with  a  view  to  the  determination  of  the  homogeneity  or  heterogeneit}'  of  strains  and 
their  etiological  relationships."  Under  the  direction  of  George  H.  Smith,  M.D.,  Assistant 
Professor,  Department  of  Pathology  and  Bacteriology. 

(c)  "The  demonstration  of  syphilitic  nature  of  unusual  lesions  encountered  at  the 
post  mortem  table."  Under  the  direction  of  M.  C.  W'internitz,  ]M.D.,  Professor  of  Pathology 
and  Bacteriology. 

Union    University   Medical   Department,  Albany 

8.  "For  studies  on  the  nature  of  the  Wassermann  reaction."  Under  the  direction  of 
Thomas  Ordway.  M.D.,  Dean,  and  Associate  Professor  of  Medicine. 

The  United  States  Interdepartmental  Social  Hygiene  Board  is  composed  of — 
Carter  Glass,  Secretary  of  the  Treasury, 
Newton  D.  Baker,  Secretary  of  \\'ar, 
Josephus  Daniels,  Secretary  of  the  Navy, 
Lt.  Col.  W.  F.  Snow,  Medical  Corps,  U.  S.  A., 
Ivt.  Comdr.  J.  R.  Phelps,  Medical  Corps,  U.  S.  N., 
As.st.  Surg.  Gen.  C.  C.  Pierce,  U.  S.  Public  Health  Service, 
Thomas  A.  Storey,  Executive  Secretary. 

Up  to  June  21,  the  Board  had  a])proved  appropriations  from  its  Scientific 
Fund  for  twentv  researches  distributed  among-  twcl\e  medical  schools. 
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COMMUNICABLE   DISEASE  IN  THE   UNITED   STATES   ARMY    DUR- 
ING THE  SUMMER  AND  AUTUMN  OF  1918.* 


By  Col.  Victor  C.  Vaughax,  AI.C,  U.S.A.,  axd  Capt.  George  T.  Palmer. 
S.C,  U.S.A.,  Washington,  D.  C. 

Section  III 

Distribution  of  Deaths  and  Disease  Among  the  Army  Camts 

EXPLANATORY  NOTE:  There  are  two  sources  of  statistical  data  upon 
which  the  authors  have  drawn  in  making  up  the  tables  and  discussions 
which  follow.  One  of  these  is  the  weekly  telegraphic  report  which  is  sent  in 
from  each  camp  and  post  to  the  Surgeon  General.  The  other  is  the  special  re- 
ports prepared  by  camp  officers,  and  forwarded  from  time  to  time  to  the  Surgeon 
General.  The  latter  source  of  information  is  more  accurate  because  there  has 
been  time  to  check  over  the  weekly  reports  and  correct  errors  which  are  bound 
to  creep  in.  These  errors  arise  from  the  fact  that  diagnoses  are  changed  and 
that  the  reports  at  times  include  records  from  the  base  hospital,  at  other  times  do 
n(jt  include  them,  and  at  still  other  times  hospital  records  are  counted  twice  in 
making  up  the  consolidated  report. 

For  the  summer  season  and  likewise  for  the  autumn,  except  for  certain 
diseases,  the  two  sets  of  records  agree  closely.  During  the  autumn,  however, 
the  influenza  epidemic  upset  the  statistical  work  in  many  camps,  and  in  pre- 
jiaring  this  report  we  have  been  confronted  by  huge  discrepancies  between  the 

*A  report  from  the  Section  of  Communicable  Diseases.  EHvision  of  Laboratories  and  Infectious 
Disease,  prepared  under  the  direction  of  Col.  Frederick  F.  Russell,  and  published  by  permission  of  the 
Surgeon  General.  The  writers  are  printing  this  as  a  preliminary  report,  subject  to  revision  on  the  receipt 
of  further  data  and  will  be  grateful  to  all  medical  officers  for  more  exact  information  on  matters  which 
came   under  thear  observation. 
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records  furnishctl  b)'  the  weekly  telei^rajiliic  reports  and  tlie  records  sc'iit  in 
later  by  the  epidemiologists.  As  an  illustration  we  snbniit  the  following-  out- 
line: "W  .  T."  referring  to  the  weekly  telegraphic  reports  and  "E"  meaning  the 
record  sent  in  by  the  epidemiologist. 
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Dodge 
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14412 
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S77 
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Pike  explains  the  discrepancy  in  pneumonia  records  by  the  fact  that  the 
weekly  telegraphic  reports  were  based  on  records  from  the  base  hospital  and 
it  was  later  found  that  these  did  not  include  bronchopneumonia  (in  accordance 
with  an  old  order  to  that  effect),  while  the  daily  reports  covered  all  pneumonias. 

Wadsworth  first  carried  influenza  cases  as  streptococcic  infections,  which 
explains  the  low  number  under  \\'.  T.  Later  these  w'ere  all  included  as  in- 
fluenza. 

The  discrepancies  are  usually  to  be  traced  to  lack  of  cooperation  betW'Cen 
the  base  hospital  and  the  registrar  in  the  camp  surgeon's  office. 

Correspondence  with  the  camps  has  indicated  the  greater  reliability  of  the 
figures  from  the  epidemiologist.  We  have,  therefore,  accepted  their  figures  in 
preference  to  the  weekly  telegraphic  reports  for  influenza,  pneumonia,  and  deaths 
from  these  two  causes  during  the  autumn  season.  We  speak  of  this  to  foreshadow- 
any  question  w'hich  may  arise  in  comparing  articles  on  disease  conditions  in  the 
army  which  have  appeared  from  time  to  time  or  may  appear  in  the  future.  We 
have  inserted  the  complete  list  of  the  figures  which  w^e  are  using  which  have 
been  selected  after  careful  examination  of  the  two  sources.  We  do  not  claim 
absolute  accuracy  even  after  the  laborious  task  of  deriving  basic  figures  with 
which  to  work.  We  do  feel,  however,  that  by  this  method  of  selection  we  have 
eliminated  most,  if  not  all,  of  the  large  discrepancies  ;  and  what  errors  remain 
may  be  looked  upon  as  of  minor  character  and  not  sufficient  to  alter  materially 
the  conclusions  drawn  therefrom. 

Discussion  of  the  influenza  epidemic  will  be  found  bv  itself  under  Sections 
TV,  V  and  VI. 

A.    DEATHS,    .\l.h    CAUSES 

During  the  summer  season.  Camp  Dodge  headed  the  list  of  large  camps 
in  deaths  from  all  causes  with  an  annual  rate  per  1000  of  17.  This  is  lower 
than  the  highest  rate. for  the  previous  winter  when  Pike  registered  30.7.  Next 
to  Dodge  stands  Gordon  with  a  death  rate  of  10.8,  and  from  this  point  on  llie 
rates  decline  gradually  until  we  come  to  Syracuse,  whose  death  rate  was  Init 
1.9.  The  records  for  Syracuse,  however,  are  for  two  weeks  instead  of  for  the 
twenty-two  w^eeks  of  the  summer  season.  McArthur  likewise  is  represented  only 
by  about  seventeen  weeks.  McClellan,  third  from  the  bottom  of  the  table, 
covers  the  full  record  of  twenty-two  weeks.     Its  death  rate  was  2.3. 
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In  TaMc  ''  tlicre  arc  ])rcsciUc(l  the  camps  in  ihc  order  of  tlicir  dcatli  rate 
iii^rtlu  r  with  the  avcraj^c  strength  for  the  season,  nuniher  of  deaths  from  disease, 
minil)ei-  ol'  (Ic.ilhs  from  causes  other  than  (hsease,  the  number  of  deaths  from  all 
causes,  and  the  annual  diatli  rate  i)er  1000  for  all  causes.  The  relative  stand- 
ing of  the  camps  in  morlahty  is  shown  graphically  in  Chart  XVI.  The  most 
noticeable  change  on  comparing  this  graph  with  the  gra])h   for  the  six  winter 
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Five  Smnnur  Months— Week  Ending  April  3.  1918,  to  August  30.  1918 
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Sherman 

32.8 

88 

3 

91 

6.5 

10 

Taylor 

34.7 

85 

4 

89 

6.1 

11 

Jackson 

33.4 

79 

3 

82 

5.8 

12 

Bowie 

19.1 

29 

18 

47 

5.8 

13 

Cody 

24.5 

5.^ 

4 

59 

5.7 

14 

Upton 

34.5 

74 

10 

&i 

5.7 

15 

Grant 

36.4 

77 

^ 

82 

5.3 

16 

Devens 

36.1 

71 

6 

77 

5.0 

17 

Fremont 

19.9 

34 

6 

40 

4.7 

18 

Shelby 

20.5 

28 

9 

37 

4.3 

19 

Lewis 

34.2 

52 

10 

62 

4.3 

20 

Kearny 

19.4 

20 

15 

35 

4.3 

21 

Sheridan 

15.9 

23 

4 

27 

4.0 

22 

Wadsworth 

21.7 

29 

8 

37 

4.0 

23 

Meade 

36.3 

55 

9 

57 

3.7 

24 

Lee 

42.5 

57 

7 

64 

3.6 

25 

Sevier 

19.5 

28 

2 

30 

3.6 

26 

Greene* 

7.S 

2 

0 

2 

3.5 

27 

Beauregard 

22.1 

26 

6 

32 

3.4 

28 

Greenleaf* 

17.7 

10 

2 

12 

2.9 

29 

Johnston 

17.6 

16 

5 

21 

2.8 

30 

bix 

46.1 

43 

10 

53 

2.7 

31 

Logan 

15.1 

13 

3 

16 

2.5 

32 

Hancock 

25.5 

20 

6 

26 

2.4 

33 

MacClellan 

15.5 

12 

3 

15 

2.3 

34 

MacArthur* 

18.5 

11 

1 

12 

20 

35 

Syracuse* 

13.5 

1 

0 

1 

1.9 

Jreenleaf — 12   weeks — Week   ending  June    14   to   Aur.    30. 
*Las  Casas — 9  weeks — Week  ending  July   5   to  Aug.   30. 
*Greene — 3   weeks — Week   ending  Aug.    16   to    Aug.   30. 
*  Syracuse — 2  weeks — Week  ending  Aug.   23  to  Aug.   30. 
*.Niac.-\rthur — 17  weeks — Week   ending   May   10  to   Aug.   30. 
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it  is  believed  explains  the  situation  with  respect  to  our  tissue  extracts.  Disre- 
garding entirely  what  the  toxic  agent  may  be,  the  complexity  of  the  material 
is  sufficient  to  rule  out  any  rigid  statement  concerning  solubility,  dialysis,  or 
other  phenomena  of  any  one  substance  that  may  be  present.  One  fact  can  not 
be  escaped.  That  is  that  in  the  most  toxic  extracts,  analysis  showed  over  one- 
half  of  the  inorganic  constituents  of  the  tissue  to  be  present,  and  the  toxicity 
rose  as  the  ash  value  of  the  extract  was  increased. 

Early  in  this  work  we  had  concluded  that  the  toxic  agent  of  tissue  ex- 
tracts was  some  stable  substance.  Anything  in  the  nature  of  a  ferment  was 
excluded  by  the  method  of  preparation  of  the  extract.  In  the  first  place  al- 
cohol was  used  to  extract  the  tissue ;  ferments  are  not  able  to  withstand  the 
concentration  to  which  they  would  have  been  subjected.  Further,  some  rab- 
bit livers  had  been  saved  from  time  to  time  as  the  animals  had  been  used  for 
other  purposes.  They  were  preserved  by  dropping  into  a  large  bottle  containing 
absolute  alcohol  at  the  start.  The  most  recent  of  these  livers  had  been  in  the 
alcohol  for  about  one  year.  They  were  ground  and  the  required  amount  of 
water  added  to  the  alcohol  in  which  they  had  been  kept  to  make  the  volume  up 
to  the  usual  2  c.c.  per  gram  of  tissue.  The  final  extract  proved  to  be  the  most 
toxic  for  liver  ever  prepared;  1.5  c.c.  proving  fatal.  Secondly,  the  alcoholic  or 
water  extraction  liquid  was  heated  during  its  evaporation,  which  was  carried  to 
relative  dryness  when  alcohol  was  used  and  to  positive  dryness  in  the  case  of 
water,  to  a  higher  temperature  than  ferments  can  withstand.  Then,  the  extracts 
themselves  were  stable  on  boiling.  The  extracts  showed  no  deterioration  on 
standing,  either  at  room  temperature  or  in  the  ice  box.  Extracts  thus  kept  for 
three  months  showed  no  decrease  in  toxicity.  Whenever  an  extract  was  kept 
for  any  length  of  time,  it  was  preserved  from  bacterial  activity  by  a  few  drops 
of  trikresol. 

The  work  upon  the  toxicity  of  the  pure  phosphate  salts  was  for  the  purpose 
of  confirming  a  well  grounded  notion  as  to  the  toxic  agent  in  the  inorganic  salts 
derived  from  the  extract  by  ignition.  Gamgee,  Priestly,  and  Larmuth"'"'  had 
noted  the  differences  in  the  effects  of  the  three  forms  of  phosphoric  acid  as 
early  as  1877,  and  had  made  a  special  study  of  the  influence  of  the  pyrophosphate 
salt  on  heart  and  circulation.  They  used  rabbits  and  frogs,  and  made  their 
injections  subcutaneously  and  intravenously.  Gardner  and  vSymes'''  repeated 
their  work  in  1910,  and  confirmed  the  same.  They  ascribed  the  efl'ccts  of  the 
phos])lioric  salts  to  their  alkalinity.  vStarkcnstcin'"  made  a  more  minute  inves- 
tigation of  the  effects  of  the  various  acid  radicals,  that  it  is  possible  to  obtain 
with  the  pliosjthoric  acids,  due  to  their  i)olyvalcncy,  and  was  also  led  to  believe 
that  the  alkalinity  of  the  i»yrophosi)hale  salts  was  responsible  for  their  marked 
activity.  Crawford"*  after  investigating  the  ill  results  of  feeding  cottonseed 
meal  concluded  that  the  pyn.phosphates  produced  by  the  method  of  manufacture 
were  the  cause  of  the  deleterious  effects.  'I'hus  we  see  that  there  is  ample  evi- 
dence that  the  iihosjihate  salts,  and  especially  the  i)yrophosphates  are  very  toxic 
substances  when  introduced  into  the  body  by  any  channel.  KcMiig'"  states  that 
lihr»sphf>rir  anhydride  constiiiues  from  M\  to  48  ])er  cent   of  the  niini-ral  ]iart  of 
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various  forms  of  flesh.  The  salt  that  we  prepared  and  subjected  to  analysis 
contained  34.S  per  cent  of  plK)S[)li()ric  anhydride.  It  was  necessarily  in  the  pyro- 
phosphate form  b\-  rca>on  of  the  method  of  its  preparation,  and  was  undoubtedly 
the  cause  of  death  in  animals  injected  with  a  water  solution  of  the  salts.  The 
collapsed  condition  of  the  lungs  of  animals  dying  from  injections  of  either  pure 
phosphate  salts  or  of  the  salts  from  the  tissue  extracts,  was  a  very  constant  fea- 
ture. If  the  statement  is  acce])tal)]e  that  an  anaphylactized  animal  dies  be- 
cause air  can  not  get  out  of  the  lungs,  because  of  the  constricted  bronchioles, 
then  it  would  be  logical  to  believe  that  these  animals  died  because  air  could  not 
get  into  the  lungs.  The  dyspnea  was  very  marked,  indicating  a  condition  of  air 
hunger  exactly  analogous  to  that  of  animals  injected  with  organ  extracts  or 
anaph}latoxin. 

The  method  of  preparing  the  extracts  would  result  in  a  low  protein  content. 
Tn  fact,  no  satisfactory  test  for  protein  was  ever  made  on  an  extract.  The 
"biuret  test  was  negative.  In  view  of  the  small  amount  of  protein,  if  any,  that 
was  in  the  extracts,  the  attempt  to  immunize  rabbits  w^as  inevitably  doomed  to 
not  succeed.  The  toxic  agent  of  the  extracts  we  believe  to  have  shown  to  be 
a  chemical  entity,  and  to  act  as  such  in  the  animal  body.  However,  its  appar- 
ent cumulative  effects  on  repeated  injection  might  be  interpreted  as  a  state  of 
sensitization. 

Sl'MMARY    AND    COXCLUSIONS 

The  tissues  of  seven  species  of  animals  were  extracted  with  alcohol  and 
found  to  yield  a  toxic  extract.  W'e  believe  that  the  tissue  of  all  animals  if 
•similarly  extracted  would  likewise  produce  a  toxic  extract. 

It  was  found  that  the  extract  of  the  tissues  of  the  cat,  which  may  be  con- 
sidered representative  of  all  other  tissues,  contained  solids  in  solution  varying 
from  .47  to  1.83  per  cent  of  the  original  tissue. 

The  extracts  were  acid  in  reaction  with  the  occasional  exception  of  the 
■extract  of  stomach  and  intestine.  Adjustment  of  the  reaction  to  neutrality  did 
not  alter  the  toxicity  of  the  extracts. 

There  was  some  evidence  that  toxicit}-  of  the  extracts  could  be  modified  by 
previous  treatment  of  the  animals,  especially  by  fatigue.  Inanition  was  without 
-effect. 

Ether  does  not  extract  the  toxic  substance  from  tissue. 

Drying  and  fine  division  of  rabbit  muscle  followed  by  alcoholic  extraction 
gave  an  extract  of  negligible  toxicity.  In  view  of  statements  that  are  to  fol- 
low, we  do  not  believe  that  the  toxic  agent  was  destroyed  by  the  drying,  but 
rather  that  it  was  rendered  insoluble  in  absolute  alcohol. 

Ignition  to  a  white  ash  of  the  solids  in  extracts  prepared  by  the  use  of 
alcohol,  shows  an  inorganic  residue  of  approximately  .4  per  cent  of  the  tissue. 
Subsequent  solution  of  this  ash  to  the  volume  of  the  extract  from  which  it  was 
•obtained,  followed  by  injection,  shows  it  to  be  always  equally  toxic,  and  in  some 
cases  more  so,  than  the  extract  from  which  it  was  derived. 

It  was  found  that  water  could  be  substituted  for  alcohol  as  the  primary 
•extracting  medium,  and  that  a  more  toxic  extract  resulted.     Further  investiga- 
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Amiuiil   Dratli   Uatc  per  1000  for  All  Troops  in  the  U.  vS 48.5. 
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THOUSANDS 

DISKASK 
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DISKASK 

1 

Cody 

5.9 

257 

1 

258 

132. 

2 

Syracuse* 

7.4 

225 

3 

228 

123. 

3 

Sherman 

30.9 

1147 

6 

1153 

114. 

4 

Beauregard 

13.7 

456 

3 

459 

102. 

5 

Grant 

35.0 

1119 

4 

1123 

97.8 

6 

Dix 

35.0 

8.S8 

0 

858 

75.0 

7 

Devens 

39.5 

855 

10 

865 

67.0 

8 

Meade 

42.1 

843 

8 

851 

61.9 

9 

Custer 

36.1 

692 

4 

696 

61.7 

10 

Humphreys 

24.1 

481 

3 

484 

61.5 

11 

Funston 

49.0 

976 

6 

982 

61.3 

12 

Dodge 

28.5 

767 

2 

769 

61.1 

13 

Forrest 

9.2 

180 

1 

181 

60.3 

14 

Grecnleaf 

19.9 

366 

1 

367 

56.4 

15 

Hancock 

34.0 

610 

15 

625 

56.2 

16 

Taylor 

54.9 

992 

4 

996 

55.5 

17 

Greene 

16.6 

300 

0 

300 

55.3 

18 

I'pton 

27.9 

458 

0 

462 

50.7 

19 

Sevier 

13.3 

378 

6 

384 

50.4 

20 

Lee 

43.8 

703 

10 

713 

49.8 

21 

Bowie 

9.8 

159 

0 

159 

49.6 

11 

Wheeler 

12.5 

174 

1 

175 

42.8 

23 

Jackson 

3S.1 

465 

6 

471 

37.7 

24 

Wadsworth 

15.3 

186 

1 

187 

37.4 

25 

Fremont 

12.9 

154 

1 

155 

36.8 

26 

McClellan 

24.6 

287 

1 

288 

35.8 

17 

Pike 

44.2 

514 

1 

515 

35.7 

IS 

^^acArthur 

20.7 

210 

8 

218 

32.2 

29 

Eustis 

14.0 

145 

1 

146 

30.4 

30 

Gorflon 

29.3 

US 

2 

230 

29.3 

31 

Johnston 

19.7 

179 

1 

180 

27.9 

21 

Kearny 

17.5 

156 

3 

159 

27.8 

33 

Logan 

14.3 

124 

2 

126 

27.0 

34 

Travis 

32.3 

265 

4 

269 

25.5 

35 

Sheridan 

22.0 

159 

3 

162 

22.5 

36 

Shelby 

12.1 

73 

•) 

75 

18.9 

37 

Lewis 

35.3 

198 

6 

204 

17.7 

38 

Las  Casas 

12.8 

S3 

1 

84 

13.1 

'S: 

yracuse — 13   weeks- 

— Week  ending 

Sept.  6,  to   Nov 

.   29. 

\\  c  are  handicapped  in  analyzing;  the  disease  situation  in  1918.  In  the 
winter  of  1917-18  we  knew  with  considerable  accuracy  the  .source  of  the  men  at 
each  cam]).  Since  that  time  men  have  been  shifted  about  to  such  an  extent  and  the 
shifts  have  become  so  frequent  that  it  is  out  of  the  question  to  look  upon  a 
camp  in  terms  of  the  sources  of  the  personnel.  Our  information  aliout  troop 
movements,  draft  arrixals.  and  transfers  from  camp  to  camp,  is  incomplete,  and 
much  of  what  we  have  is  unreliable.  If  this  information  were  available  we 
should  be  in  a  much  better  position  to  analyze  the  causes  of  sickness. 
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Generally  speaking  it  would  seem  as  though  the  northern  camps  had  a 
greater  proportion  of  new  men  but  the  differences  between  northern  and  south- 
ern camps  in  this  respect  are  by  no  means  clear  cut.  \\'e  believe  that  the  factor 
of  climate  and  camp  location  exercises  an  influence  in  this  latest  period  that 
was  not  evident  from  the  analysis  of  the  first  winter  season. 

B.    MEASLES 

During  the  fifteen-month  period  to  which  we  have  repeatedly  referred,  measles  has 
appeared  in  severe  epidemic  form  only  during  the  first  winter  season.  There  has  been 
no   repetition  on  a  large   scale  of  the  experience   of  that   time.     In   the   first  of   the   three 

Table  11 

Measles — Five  Summer  Months 

W^eek  Ending  April  5,  1918,  to  August  30,  1918 

Annual  Admission  Rate  per  1000  for  All  Troops  in  U.  S.  . .  .23.2 


AVERAGE 

ANNUAL 

STRENGTH 

NUMBER    or 

ADMISSION 

Nl.MRER    OF 

okhek 

CAMP 

IN 
THOUSANDS 

ADMISSIONS 

RATE   PER 
1000 

DEATHS 

1 

Pike 

36.5 

1306 

84.0 

4 

2 

Las  Casas* 

12.8 

173 

78.1 

0 

3 

Grecnlcaf* 

17.7 

253 

61.4 

2 

4 

Taylor 

34.7 

894 

60.8 

0 

5 

Gordon 

36.4 

891 

57.8 

0 

6 

Dodge 

31.2 

750 

56.1 

0 

7 

Sevier 

19.5 

443 

53.6 

0 

8 

Jackson 

33.4 

696 

49.3 

1 

9 

Johnston 

17.6 

276 

37.1 

0 

10 

Lee 

42.5 

640 

35.6 

0 

11 

Sheridan 

15.9 

202 

30.0 

0 

12 

Shelby 

20.5 

221 

25.5 

0 

13 

Funston 

25.1 

251 

23.1 

0 

14 

Beauregard 

22.1 

213 

22.7 

0 

l.T 

Travis 

31.2 

259 

19.1 

0 

U. 

Devens 

36.! 

304 

19.1 

1 

17 

Fremont 

19.9 

151 

17.9 

1 

IS 

Grant 

36.4 

266 

17.2 

0 

1') 

Kearny 

19.4 

132 

16.2 

0 

20 

Custer 

26.5 

182 

16.2 

0 

21 

I-ogan 

15.1 

102 

16.1 

0 

11 

VVadsworth 

21.7 

143 

15.6 

1 

23 

I'pton 

34.5 

216 

14.8 

1 

24 

Cody 

24.5 

1.50 

14.5 

0 

25 

Lewis 

34.2 

195 

13.5 

0 

26 

MacArthur* 

L5.5 

U) 

13.0 

0 

27 

Sherman 

U>^ 

170 

12.2 

5 

2H 

Dix 

46.1 

lil 

12.0 

0 

29 

Grcone* 

7.5 

6 

10.4 

0 

3(t 

M.adf 

36.3 

13S 

"'.0 

0 

31 

McCliIlaii 

18.5 

f.3 

8.1 

0 

U 

Hancock 

25.5 

43 

4.0 

0 

Zl 

Bowie 

19.1 

30 

i.l 

0 

34 

Syracuse* 

13.5 

1 

1.9 

0 

•I,a!«  I'.ioas — 9  wcckit — Week  cmliiiK  July  S   ici  Aur.    10. 
•C.rrrnlcaf  — 12    week*   -VVrck    rmliiiK   Jnnr    14,    to    AiiK.    .10. 
'.M.icArJlnir — 17  weeks — Wnk   rii.liiin   May    in,   to   Aug.   .1'>. 
'Syracii»r — 2   week* — Week   emliiiK    Auk-    2.'.    to   Aiik.    .'d. 
•('ireenc — i   week* — Week   eiidiiiK   Aur.    H>,    I"   A\ik.    .'0. 
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seasons,  Pike  had  an  annual  admission  rate  for  measles  of  390  per  1000.  During  the 
summer  season  Pike  still  remained  at  the  top  of  the  list,  but  with  a  rate  of  84.  In  the 
autumn  season  Las  Casas  stands  first  with  a  rate  of  11 .1  and  Pike  occupies  fourth  place 
with  a  rate  of  64.8     (See  Table  11  and  Chart  XVIllJ. 

As  has  been  pointed  out  elsewhere  in  this  report,  the  most  remarkable  diminution  of  the 
measles  incidence  is  to  be  found  at  Camp  Wheeler,  not  a  single  case  being  reported  for 
the  entire  season.  Viewed  in  the  light  of  Wheeler's  record  during  the  preceding  winter 
when  the  measles  morbidity  rate  was  297,  Wheeler  standing  in  third  place  among  all  the 
large  camps,  it  is  truly  astounding  that  such  an  abrupt  cutting  off  of  measles  incidence  is 
possible.  Aleasles,  probably  more  than  any  other  disease,  runs  true  to  form  in  picking  the 
nonimmunes.  A  previous  attack  is  apparently  the  only  effective  guarantee  against  measles 
in  later  life.  Measles  permeated  Wheeler  so  effectively  as  to  pick  every  susceptible  per- 
son. When  the  epidemic  was  over  there  was  no  one  left  untouched.  In  the  months  to 
come  there  were  practically  no  new  increments  entering  Wheeler  and  consequenth-  no 
fresh  material  introduced. 

The  experience  at  Wheeler  is  duplicated  by  a  number  of  other  camps  where  an 
epidemic  raged  during  the  fall  of  1917.  Bowie  with  a  rate  of  374  in  the  winter  season 
dropped  to  a  rate  of  3.7  for  the  summer.  Jackson  with  a  rate  of  230  fell  off  to  49.3.  and 
Beauregard  with  a  rate  of  256  fell  to  22.7.  Las  Casas  is  the  only  camp  in  the  entire  list 
which  showed  measles  in  epidemic  form  similar  to  the  outlireaks  that  occurred  in  the  fall 
of   1917.     This   was  a  newly   formed  camp   of   susceptible   individuals. 

There  was  a  great  deal  of  measles  endemic  at  Camp  Dodge  due  to  the  acquisition 
of  new  personnel,  but  the  morbidity  never  reached  the  epidemic  proportions  of  the  pre- 
vious winter.  Of  525  cases  occurring  during  the  twelve  weeks  from  June  1  to  September 
1,  there  is  definite  evidence  that  many  men  contracted  the  disease  en  route  to  camp.  The 
cases  during  the  summer  were  relatively  mild,  and  an  unusual  fieature  was  the  high  pro- 
portion of  the  hemorrhagic  types. 

Measles  at  Grant  was  sporadic  and  confined  for  the  most  part  to   recruits. 

Devens  reports  that  practically  all  measles  during  August  was  brought  into  camp 
by  recruits.  Major  Woolle}',  epidemiologist,  believes  more  intimate  contact  during  the 
winter  stimulates  the  spread  of  measles,  whereas,  during  the  summer  with  an  ctiual  num- 
ber of   foci  and   susceptibles   the   spread   is   slow. 

The  autumn  season  of  1918  dift'ered  from  that  of  the  previous  year  in  that  there 
were  no  camps  that  had  recently  been  entirely  filled  from  civilian  life.  It  is  this  fact 
as  much  if  not  more  than  any  other  that  accounts  for  the  nonappearance  of  measles 
epidemics.  ("See  Table  12  and  Chart  XIX.)  Las  Casas  was  the  nearest  likeness  to  a 
virgin  camp  as  it  had  been  in  operation  but  a  few  weeks  when  measles  appeared.  Measles 
broke  out  in  August  and  continued  throughout  September.  If  all  of  these  cases  had 
occurred  within  the  autunni  season  the  rate  for  Las  Casas  would  have  comi)ared  with 
some  of  the  camps  r)f  the  fall  of  1917.  As  it  was  the  epidemic  at  Las  Casas  was  divided 
by  the  seasons,  and  the  rates  are  consecjuently  reduced  in  size.  .Mac Arthur,  wliich  stood 
next  to  Las  Casas  in  measles  incidence,  can  not  be  said  lo  ha\c  had  an  ei)i(lemic,  for  the 
cases  were  spread  out  over  the  entire  autumn  season,  on  only  one  occasion  exceeding  48 
cases  per  week,  this  being  in  the  second  week  of  ()ctoi)er,  when  f)8  cases  were  reported. 
Shelby  had  a  great  deal  of  measles  during  August  and  September,  and  its  incidence  is 
reduced  in  consequence  of  our  arbitrary  division  of  tlie  seasons.  Measles  has  been  en- 
demic at  Pike  throughout  tlie  entire  fift<-in  months.  It  asstuned  epidemic  pro|)ortions  only 
during  the  last  week  in  Octoixr,  240  cases  being  nporied  in  one  week.  At  bnnston.  like- 
wise, measles  has  been  i)res(iit  almost  contiiuiousiy.  the  cases  increasing  appreciai)l\-  dur- 
ing September.  Bowie  is  the  only  camp  in  which  measles  did  not  apjiear  during  the  autunm 
season. 

The  deaths  atlributc.l  to  measles  have  been  few.  in  this  respect,  however,  our  re- 
I)ort  will  differ  from  the  Annual  Ke))ort  of  the  Surgeon  C.eneral  where  measles  cases 
which  terminated  fatally  in  piuinnonia  will  be  registered  as  deaths  from  measles.  In  the 
weekly   reports   it   is  customary   to  charge   a   measles-pneumonia   death   to   pneumonia. 
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Table  12 

AIeasles — Foi-R  Autumn  Months 

Week  Ending  September  6.  to  December  27,  1918 

Annual  Admission  Rate  per  1000  for  All  Troops  in  U.  S 24.1 


CAMP 


AVERAGE 

STRENGTH 

IN 

THOUSANDS 


NUMBER    OF 
ADMISSIONS 


ANNUAL 
ADMISSION- 
RATE   PER 
1000 


NUMBER   OF 
DEATHS 


1 

Las   Casas 

2 

MacArthur 

3 

Shelby 

4 

Pike 

5 

Funston 

6 

Tavlor 

7 

McClellan 

8 

Sheridan 

9 

Dodge 

10 

Fremont 

11 

Gordon 

12 

Sherman 

13 

Jackson 

14 

Beauregard 

15 

Hancock 

16 

Johnston 

17 

P^orrest 

IX 

Meade 

19 

Lewis 

20 

Devens 

21 

Humi)hrevs 

22 

Sevier 

2.^ 

Greenleaf 

24 

W'adswortli 

25 

Eustis 

26 

Codv 

27 

Lee 

28 

Greene 

29 

Logan 

30 

Dix 

31 

']"  ra  \  i  s 

32 

I'pton 

33 

Grrant 

34 

Wliceler 

35 

Kearny 

36 

Syracuse* 

37 

Custer 

12.8 
20.7 
12.1 
44.2 
49.0 
54.9 
24.6 
22.0 
28.5 
12.9 
29.3 
30.9 
38.2 
13.7 
34.0 
19.7 
9.2 
42.1 
35. 3 
39.5 
24.1 
23.3 
19.9 
1.-.3 
14.0 
5.9 
43.8 
16.6 
14.3 
35.0 
32.3 
27.9 
35.0 
12.5 
17.5 
7.4 
36.1 


325 

465 

265 

938 

928 

973 

411 

351 

438 

197 

446 

441 

556 

190 

443 

251 

108 

419 

343 

330 

185 

170 

138 

97 

79 

27 

196 

65 

48 

101 

70 

56 

40 

17 

10 


7/./ 

68.7 

67.0 

64.8 

58.0 

54.2 

51.1 

48.9 

47.1 

46.7 

46.6 

44.7 

44.5 

42.4 

39.8 

39.0 

36.0 

30.5 

29.7 

25.6 

23.5 

22.3 

21.2 

19.4 

17.2 

14.0 

13.7 

12.0 

10.3 

8.8 

6.6 

6.1 

4.3 

4.2 

3.3 

.8 

.2 


'Syracil-ic-    1.1    weeks-  Week    emlinit    Sept.    d,    to    Nov.    2'>. 

Much  ha.s  been  said  of  the  iniiKirtance  cif  measles  as  a  pre<lisposinK  cause  of  pncu- 
nionia,  i)arlicularly  brnnrhopneuinouia.  Of  235  cases  of  measles  at  Cody  duriuK  the  win- 
ter of  1917-18.  77  «>r  33  \nr  rent  developed  either  broiuliopueumotiia  or  lobar  pneumonia. 
Of  these  about  42  per  ccnl  died,  wliidi  is  a  hi^h  pneumoiii.i   fatalit>. 

As  a  rule  pneumonia  follows  measles  with  far  less  freiiueucy  than  is  indicated  at 
Cnfjy.  The  Surgeon  General's  Report  for  1918  ^ives  48.*MK»  measles  atimissions  and  2,075 
pneumonias  resulliuK  ther<'from.  This  indicates  that  4.25  per  cent  of  measles  cases  ter- 
minated in  )»neumonia.  This  finure  seems  so  small  as  to  indicate  a  lack  of  association  be- 
tween the  two.  Nevertheless  this  association  exists.  Amony;  510,1(X)  men  who  did  not 
have  measles  in  1918  there  occurred  8.432  cases  of  ))neumonia.  The  pcrccnlane  pneumonia 
incidence  is   thus   1.65.     We  mav   inlirpret   tliese  percentaues   in   the   following   manner: 
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Where  one  man  without  measles  has  pneumonia,  two  to  three  (2.6)  men  with  measles 
will  have   pneumonia. 

^Measles   thus   predisposes   to   pneumonia. 

Granted  that  measles  predisposes  to  pneumonia,  we  must  next  appreciate  the  serious- 
ness of  what  this  means.  It  is  much  more  than  the  ratio  of  1  to  2.6  indicates.  It  is  not 
merely  that  where  one  nonmeasles  case  has  pneumonia,  from  two  to  three  measles  cases 
have  pneumonia.  It  is  this :  the  nonmeasles  case  is  more  likely  to  recover  from  pneu- 
monia once  he  has  it  than  is  the  measles  case.  Thus  of  2,075  pneumonia  cases  following- 
measles,  S88,  or  42.7  per  cent,  died.  Of  8,432  pneumonia  cases  not  following  measles,  949 
or  only  11.3  per  cent  died.  Measles  thus  not  only  predisposes  to  pneumonia,  it  predis- 
poses to  fofa!  pneumonia. 

We  may  express  this  relationship  of  measles  and  pneumonia  as  brought  out  in  the 
1917  Report,  in  the  following  illustrative  manner : 

OF  EVERY   1000  MEN   WITH   MEASLES,  44  HAVE  PNEUMONIA   AND   19  DIE. 

OF  EVERY  1000  MEN  WITHOUT  MEASLES,  17  HAVE  PNEUMONIA  AND  2  DIE. 

THUS  A  PERSON  WITH  MEASLES  IS  TEN  TIMES  AS  LIKELY  TO  DIE  AS  A 

PERSON  WITHOUT  MEASLES. 

C.    MENINGITIS 

Meningitis  prevailed  most  extensively  during  the  winter  months  December,  January, 
and  February,  1917-18.  The  weekly  rates  from  April  to  December,  1918,  have  approached 
the  previous  winter  rates  in  only  two  weeks,  namely,  in  the  last  weeks  of  October,  or  just 
following  the  peak  of  the  influenza  epidemic. 

During  the  summer  period  meningitis  was  reported  from  31  of  the  38  large  camps, 
the  admissions  varying  from  1  to  34  for  the  period.  Camp  Pike  stands  at  the  top  of  the 
list  with  an  annual  admission  rate  per  thousand  of  2.2.  Pike  is  followed  closely  by  Gor- 
don, Sevier  and  Funston.  The  rates  from  this  point  in  the  table  decrease  gradually  to  0. 
(See  Table  13  and  Chart  XX.) 

In  Table  13  there  are  also  given  the  number  of  deaths  from  meningitis  in  each  camp. 
1^'rom  the  death  and  admission  columns  there  has  been  computed  the  case  mortality. 
In  two  instances,  there  are  more  deaths  than  cases.  Where  the  deaths  exceed  the  cases, 
it  is  evident  that  the  cases  were  not  reported.  For  two-thirds  of  this  table  the  number 
of  cases  arc  so  few  that  the  computation  of  the  case  mortality  is  not  significant.  For 
the  first  ten  camps  we  see  that  the  case  mortality  runs  from  0  to  79  per  cent.  Grant  had 
a  case  mortality  of  79  per  cent,  Dodge  63  per  cent  and  Sesier  Si  per  cent.  On  the  other 
hand,  Johnston  had  11  cases  but  no  deaths,  and  Meade  a  case  mortality  of  but  21  per  cent. 
For  the  other  camps  the  case  mortality  runs  from  2)9<  per  cent  to  S3  per  cent. 

During  tlie  autumn  months  meningitis  increased,  Ikaureqard  beading  the  tal)le  for 
the,  season  with  an  admission  rate  of  4.9.  (  vSee  'I'ablp  14  and  Cliarl  .\.\1.)  \1  least  severi 
camps  had  rates  higher  than  llie  highest  rate  for  the  sunnner  season,  i  >in'ing  llie  winter 
of  1917-lS  meningitis  was  most  i)revalcnt  at  Camps  Jackson,  lieauregard,  and  I'unston. 
During  the  sunnner  season  these  three  camps  were  within  the  first  twelve  in  tlie  table, 
and  during  the  autumn  seasf)n  the  same  three  camps  were  in  tlie  first  thiitein  of  the  lalile. 
For  the  other  camps  there  is  apparently  no  persistent  rate  as  the  standing  of  each  camji 
llnctnatcs  with  the  season.  'I'liis  table  does  nut  indicate  any  relation  between  intluen/a 
and  meningitis.  Of  tlie  lir.st  ten  camps  in  llie  meningiiis  tal)le,  Heauregard,  |)e\ens  and 
Meade  stood  higli  as  respects  inllnen/a,  lnU  the  other  canii)s  were  not  unusually  hi.uh.  This 
is  contrary  to  the  experience  as  shown  in  Chart  Xl\',  where  meningitis  increases  at  the 
same  time  as  influenza.  A  number  of  the  cami)s  sjieak  of  influenza  increasing  tiie  menin- 
gitis incidence. 

'J'aking  the  first  nineteen  camps  in  the  .lutninn  table,  .ill  of  whiib  b;i\e  at  least  a  dn/en 
cases  of  meningitis,  we  liml  the  (ase  nmitalitv  \aries  finm  ()  per  cent  ;it  Sberm.m  to  .^.^ 
per  cent  ;it    i'ike.     At    i'lnistdn   wlieie  meningitis  w.is  mure  or  less  pre\alenl    ibronuhoiit   the 
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1 

Pike 

36.5 

34 

2.2 

15 

44. 

2 

Gordon 

36.4 

32 

2.1 

15 

47. 

3 

Jackson 

33.4 

28 

2.0 

12 

43. 

4 

Sevier 

19.5 

15 

1.8 

8 

53. 

5 

Funston 

25.1 

19 

1.8 

9 

47. 

6 

Johnston 

17.6 

11 

1.5 

0 

0. 

7 

Dodge 

31.2 

16 

1.2 

10 

63. 

8 

Dix 

46.1 

21 

1.1 

8 

38. 

9 

Meade 

36.3 

14 

.9 

3 

21. 

10 

Grant 

36.4 

14 

.9 

11 

79. 

11 

Wheeler 

23.8 

9 

.9 

7 

78. 

12 

Beauregard 

22.1 

8 

.9 

5 

63. 

13 

Devens 

36.1 

13 

.8 

4 

31. 

14 

Logan 

15.1 

5 

.8 

0 

0. 

15 

Lee 

42.5 

14 

.8 

2 

14. 

16 

McClellan 

18.5 

6 

.8 

2 

2>Z. 

17 

Shelby 

20.5 

6 

.7 

3 

50. 

18 

Upton 

34.5 

9 

.6 

6 

67. 

19 

Fremont 

19.9 

5 

.6 

1 

20. 

20 

Lewis 

34.2 

8 

.5 

5 

63. 

21 

Wadsworth 

21.7 

5 

.5 

5 

100, 

22 

Kearny 

19.4 

4 

.5 

3 

7i. 

23 

Taylor 

34.7 

7 

.5 

4 

57. 

24 

Hancock 

25.5 

5       • 

.5 

1 

20. 

25 

Sherman 

32.8 

4 

.3 

4 

100. 

26 

Sheridan 

15.9 

2 

.3 

0 

0. 

27 

Custer 

26.5 

3 

.3 

5 

100.-- 

28 

Bowie 

19.1 

2 

.2 

1 

50. 

29 

Travis 

31.2 

3 

2 

3 

100. 

30 

AlacArthur* 

15.5 

1 

.2 

2 

100.^ 

31 

Cody 

24.5 

1 

.1 

1 

100. 

*MacArthui- — 17  weeks — Week  ending  May   10,  to   Aug.   30. 

fifteen  months,  the  case  mortality  was  50  per  cent;  at  Jackson  it  was  31  per  cent  and  at 
Beauregard,  18  per  cent. 

Meningitis  is  a  disease  apparently  to  which  few  people  are  susceptible.  It  has  not 
occurred  epidemically  in  the  army.  The  cases  are  sporadic.  Of  12  cases  at  Cody  during 
1917-18  not  one  was  associated  with  any  other. 

Meningitis  is  kept  alive  by  the  existence  of  carriers,  people  who  may  or  may  not 
have  had  the  disease.  At  Cody  there  were  found  among  20,000  men  in  the  spring  of  1918. 
268  carriers.  In  no  instance  did  these  men  give  a  previous  history  of  meningitis  and  yet 
they  were  dangerous  to  their  comrades  for  all  of  the  active  meningitis  cases  admitted 
close  association  with  one  or  more  of  the  carriers. 

One  hundred  and  thirty-two  cases  of  meningitis  occurred  at  Beauregard  from  Sep- 
tember, 1917,  to  Alay,  1918.  These  were  widely  distributed  over  the  camp  and  oc- 
curred quite  independently  of  each  other. 

At  Lewis,  for  the  15  months  from  October,  1917,  to  December,  1918,  there  were  54 
cases  of  cerebrospinal  meningitis.  In  the  search  for  carriers  18,998  men  were  cultured, 
among  whom  were  found  272)  positives  or   1.4  per  cent.     The  ratio  of  carriers  to  cases  is 
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Table  14 
Mexixgitis — Four  Autu.mx  Moxths 
Week  Encjing  September  6,   1918,  to  December  27.  1918 
Annual  Admission  Rate  per  1000  for  All  Troops  in  U.  S 1.3 


AVERAGE 

STREXGTH      XUMBER    OF 
IX  ADMISSIOXS 

VHOrSAXDS 


AXXUAL 

ADMISSIOX  XL">rBER   OF          PER  CEXT 

RATE   PER  HEATHS                    C.\SE 

iOOO  itORTALITV 


1 

Beauregard 

2 

Tavlor 

3 

Sevier 

4 

Jackson 

5 

Greene 

6 

Pike 

7 

Devens 

8 

McClellan 

9 

Meade 

10 

Logan 

11 

Greenleaf 

12 

Sherman 

13 

Funston 

14 

(jordon 

15 

Humphreys 

16 

Lee 

17 

Lewis 

18 

Dix 

19 

Travis 

20 

Codv 

21 

Johnston 

21 

Hancock 

22> 

Bowie 

24 

W'adsworth 

25 

MacArthur 

26 

Dodge 

27 

Fremont 

28 

Shelbv 

29 

Wheeler 

30 

I'pton 

31 

Custer 

?,Z 

Grant 

i2> 

Sheridan 

34 

Eustis 

13.7 
54.9 
2i.i 
38.2 
16.6 
44.2 
39.5 
24,6 
42.1 
14.3 
19.9 
30.9 
49.0 
29.3 
24.1 
43.8 
35.3 
35.0 
22.3 

5.9 
19.7 
34.0 

9.8 
15.3 
20.7 
28.5 
12.9 
12.1 
12.5 
27.9 
36.1 
35.0 
220 
14.0 


22 

81 

31 

49 

17 

2^ 

30 

17 

27 

8 

11 

16 

24 

15 

12 

18 

14 

14 

12 

2 

6 

10 

3 

4 

4 

6 

2 

2 

2 

5 

.S 

3 

2 

1 


4.9 

4.5 

4.1 

3.9 

2.2 

2.6 

2.2 

2.1 

1.9 

1.7 

1.7 

1.6 

1.5 

1.5 

1.5 

1.2 

1.2 

1.2 

1.1 

1.0 

.9 

.9 

.9 

.8 

.6 

.6 

.5 

.5 

.5 

.5 

.4 

.3 

.3 

7 


4 
20 

9 
15 

7 
21 

9 

2 

12 
3 
1 
2 

12 
7 
4 
7 
4 


18. 
2h. 
29. 
31. 
41. 
55. 
30. 
12. 
44. 
38. 

9. 

6. 
50. 
47. 
22. 
39. 
29. 
36. 
17. 
100. 
22. 
40. 
67. 

0. 
50. 
22. 

0. 
50. 
100. 
40. 
60. 
67. 
50. 

0. 


five  to  one.  Strange  to  say,  no  clinical  cases  developed  among  carriers  and  of  20  clinical 
cases  cultured,  hut  7  showed  the  meningococcus  in  nasopharyngeal  swahs.  It  was  the 
general  opinion  that  tlic  cases  fell  o(T  as  the  cultural  method  of  control  followed  l>y  iso- 
lation of  carriers  was  i)ut  into  effect,  .\gain  we  are  struck  hy  the  uouei)idenuc  nature  of 
the  disease  from  the  fact  that  with  three  exceptions  no  secondary  cases  developed  within 
an  organization. 

Six  cases  of  meningitis  ocnirr(<l  at  Devens  tluring  May  and  June.  \  brief  (hscrip- 
tion  of  these  cases  will  be  of  interest  in  showing  the  absence  of  contact  infection  between 
tiiem. 

May  5. —  Pvt.  A.  3  Ibi.  l>r|MPt  r.ri^;ad<- ;  just  entered  service;  ailmitted  to  bosiiii.d 
for  minnps  frmr  riays  after  being  <haflei|;  no  possiiiilitv  of  cont.ict  with  meningitis  in 
camp. 

May  25.-  -Pvt.  I'..  Me<Iical  Detachment,  Base  Hospital;  three  weeks  in  service;  mem- 
ber  of    Co.    1,    1st.    }<n..    DejKit    I'rigatle,    which    was    in    (piaranliiie  ;    became    sick    about    four 
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CODY- 

BOWIE,HANC0CK- 

VAD5V/DB.TH- 
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days  after  quarantine  at  which  time  he  was  with  Medical  Detachment  at  Base  Hospital ; 
no   apparent  opportunity   for   contact   with   meningitis. 

June  1. — Pvt.  C,  (colored),  Co.  3,  519  E.  S.  Bn..  in  hospital  ^lay  14-24  with  mumps; 
no  opportunity  for  contact  with  meningitis  in  hospital  or  quarters. 

June  4. — Pvt.  D,  (colored),  D.  Co.,  519  E.  S.  Bn. ;  two  months'  service;  no  other 
cases  in  his  company  and  Pvt.  C.  (above)  though  a  member  of  the  same  battalion  lived 
in  the  second  barracks  distant. 

June  4. — Lt.  E.,  Co.  D.,  302  Inf. ;  10  months'  service ;  low  sick  rate  in  his  company ; 
in  Boston  on  leave  May  25 ;  at  rifle  range  about  this  time  and  also  June  1. 

June  4. — Lt.  F.,  Hdq.  Co.,  303  Inf.;  eight  months'  service;  quartered  with  four  other 
men  in  small  building  near  stables  for  three  weeks  before  taking  ill ;  roommates  well ; 
on  leave  to  Boston  a  week  before  illness. 

There  was  no  intimacy  between  any  of  these  men.  The  most  that  can  be  said  is  that 
the  majority  of  these  and  previous  cases  have  appeared  in  the  Depot  Brigade  and  Service 
Battalions.     There  is  more  overcrowding  in  these  units  than  elsewhere  in  camp. 

It  is  evident  from  this  Devens  incident  that  few  people  are  susceptible  to  menin- 
gitis. There  were  one  or  more  carriers  in  camp,  who  spread  infection  only  as  they  came 
in   contact   with    susceptible    individuals.      The   victim    did   not   need   to   be    a    roommate,    a 
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Sc".\RLET   Fever — Five   Summer   Months 

Week    Ending   April    5.    1918.   to   August  30,    1918 
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AVERAGE 

ANNUAL 

STRENGTH 

NUMBER    OE 

ADMISSION 

NUMBER   OF 

ORDER 

C.\MP 

IN 
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RATE   PER 

DEATHS 

THOUSANDS 

1000 

1 

Lewis 

34.2 

170 

11.7 

0 

2 

Dodge 

31.2 

138 

10.4 

0 

3 

Sherman 

32.8 

112 

8.1 

1 

4 

Custer 

26.5 

74 

6.6 

0 

5 

Logan 

15.1 

38 

6.0 

2 

6 

Dix 

46.1 

105 

5.2 

0 

7 

Kearny 

19.4 

39 

4.8 

0 

8 

Funston 

25.1 

40 

3.8 

0 

9 

Grant 

36.4 

58 

3.8 

0 

10 

Upton 

34.5 

51 

3.5 

0 

11 

Sheridan 

15.9 

15 

2.2 

0 

12 

Greenleaf* 

17.7 

8 

1.9 

0 

13 

Devens 

36.1 

29 

1.9 

0 

14 

lohnstoii 

17.6 

13 

1.8 

0 

15 

I'ike 

36.5 

25 

1.6 

0 

](> 

S(\  it-r 

19.5 

13 

1.6 

0 

17 
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19.9 

9 
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0 
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1.0 

0 
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9 
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0 
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4 
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25 
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.5 
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24.5 

3 
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42.5 

1 

.05 

0 

•(Ircenlcaf- 

-IJ   weeks — Week 

endiiiK   June    H, 

to    A\IK. 

.10. 

• 

'. Mac  Arthur  — 17    weeks — W'cri 

k    endiiiK    M.-iy    10, 

to   Auk 

.  in. 

roXtMl'VK'AHI.I-:    DISKASKS    IN    TIIK,    INITKI)    STATKS    AkMV 


'-Z,.^ 


ADNISS10M5    FOR 

SCARLET-FEVER 

AHOIJGALLTRO0P5IliU-S- 

ANNUAL  RATE  PER  1000 

5  SUriMER  nOMTHS 

APR.TO  AUa.MCL  1918 


CUSTEIR- 
LOGAM- 

KEIARHY- 


SHERIDAH- 


5EVIER- 


\s^AD5VrORTH- 


Gl»EEnuAF       /e  trsc/rj 


HAHCOCK- 
CODY- 


— H^o 


tj 


LETWIS 


DODCiE 


SHERMAn 


DIX 


runs  TOM  GRAUT 
UPTON 


GiBEEMLILAF 
DHVXHS 
JOMMSTOM 
PIKE 

FREMONT 
M^c  ARTHUR* 
GrORDON 
MEADE 
TAYLOR 
TRAVIS 
JCA.CK5  0K 
LEE 


CIIAKT  XXIl. 


666 


THE    JOURNAL    OF    LABORATORY    AXD    CLINICAL    MEDICINE 


messmate,  or  a  member  of  the  same  company.  Contact  among  soldiers  is  not  limited  to 
the  four  walls  of  a  tent.  This  point  should  be  borne  in  mind  by  those  who  advocate  elabo- 
rate precautions  in  segregating  men  in  their  quarters.  After  all  it  is  the  infected  hand 
and  the  careless  mouth  which  are  responsible  for  the  trouble  and  these  members  can 
operate  on  the  street,  in  the  post  exchange,  at  drill  and  at  play.  Until  the  simple  rules 
of  personal  hygiene  are  taken  seriously,  other  preventive  activities  may  be  considered  woe- 
fully inadequate. 

D.    SCARLET    FEVER 

Scarlet  fever  during  the  winter  months  of  1917-18  was  most  prevalent  at  Camp  Pike 
whose  rate  at  this  time  was  almost  twice  that  of  any  other  camp.  The  morbidity  rates 
from  Lewis,  Kearny,  Dodge,  and  Sherman  were  all  above  12  per  1000.  The  highest  rate 
for  the  summer  season  was  11.7  at  Camp  Lewis.  Twenty-eight  camps  out  of  thirty-eight 
reported  scarlet  fever  during  the  summer  season.  The  scarlet  fever  data  are  presented  in 
Tal)]c  15,  and  are  illustrated  in  Chart  XXjI. 

In  the  autumn  of   1918  the  only  marked  increase  in  scarlet  fever  was  at  Camps  Han- 

Tabi.E   16 

Scareet  Fever — Foi'r  Autumn  Months 

Week  Ending  September  6,  1918,  to  December  21,  1918 

Annual  Admission  Rate  per  1000  for  All  Troops  in  U.  S 12 


CAMP 


average  annual 

strength  number  oe      ahmissiox 

in  admissions      rate  per 

thousands  1^00 


NUMBER   OF 
DEATHS 


1 

Hancock 

2 

Codv 

3 

Funston 

4 

Taylor 

5 

Grant 

6 

Dodge 

7 

Lewis 

8 

Custer 

9 

Sherman 

10 

Sevier 

11 

Eustis 

12 

Pike 

13 

VVadsworth 

14 

Syracuse* 

1.5 

Greenleaf 

U) 

Meade 

17 

Devens 

IS 

Jackson 

19 

Sheridan 

20 

Lee 

21 

Johnston 

22 

Cjordon 

23 

Di.x 

24 
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25 

Kcarnv 

26 

I'pton 

27 

Travis 

28 

Shelbv 

29 
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30 

I-n^an 

31 

Greene 

38.0 
5.9 
49.0 
54.9 
35.0 
28.5 
35.3 
36.1 
30.9 
23.3 
14.0 
44.2 
15.3 
7.4 
19.9 
42.1 
39.5 
38.2 
22.0 
43.8 
19.7 
29.3 
25.0 
20.7 
17.5 
27.9 
il.Z 
12.1 
24.6 
14.3 
16.6 


416 

48 

102 

65 

31 

26 

24 

17 

11 

8 

4 

13 

4 
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8 

7 

5 

3 

4 

2 

3 

4 

2 

2 

2 

1 

1 

2 

1 

1 
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3.6 

2.7 
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1.4 

1.1 
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.9 

.9 
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cock  and  Cod)-,  the  former  experiencing  a  rather  severe  epidemic  in  Xovember.  For 
the  entire  season  there  were  416  admissions  for  scarlet  fever,  but  not  a  single  death  is 
reported  from  this  cause.  Of  this  total  212  occurred  during  the  week  ending  November 
15.  Camp  Cody  had  48  admissions  and  stands  second  in  the  table  with  a  rate  of  24.8.  The 
data  for  the  autumn  months  are  shown  in  Table  16,  and  illustrated  in  Chart  XXIII. 
Codj''s  cases  likewise  occurred  in  the  months  of  X'^ovember  and  December.  Thirty-one 
of  the  thirty-eight  large  camps  had  scarlet  fever  during  the  autumn  season. 

In  commenting  on  the  winter  of  1917-18  it  was  stated  that  scarlet  fever  prevailed 
mostly  in  those  camps  which  contained  troops  from  the  middle  and  far  West.  At  this 
time  the  six  camps  with  the  highest  rates  were  Pike,  Lewis,  Kearny,  Sherman,  Dodge 
and  Grant.  The  same  camps  continued  to  have  a  relatively  high  scarlet  fever  rate,  or' 
at  least  higher  than  other  camps,  during  the  summer  and  during  the  fall.  In  the  summer 
these  camps  were  within  the  first  fifteen  in  the  table,  Lewis,  Dodge  and  Sherman  stand- 
ing at  the  top.     In  the  autumn  five  of  these  camps  are  in  the  first  twelve  of  the  table,  the 


Table  17 
A1alari.\ — Five  Summer  Months 
Week  Ending  April  5,  1918,  to  August  30,  1918 
Annual  Admission  Rate  per  1000  for  All  Troops  in  L'.  S. 


.4.1 


order 


AVERAGE  ANNUAL 

STRENGTH  NUMBER    OF         ADMISSION 

IN  ADMISSIONS         RATE   PER 
THOUSANDS  1000 
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Beauregard 
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Sevier 

,1 
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Johnston 

7 

Logan 
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9 
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11 
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12 
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\^ 
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14 
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13 
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16 

Jackson 

17 
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IX 
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22 

l-'rcmoiit 

23 

L<c 

24 

i  )o(Ikc 

2.S 

Lewis 

26 

ShcTinan 

27 

C.rant 

28 

Dcvrns 

29 

Codv 

30 

rplon 

31 

Custer 

3J 

I*'mivt>Mi 

1 ... 

'Mh.  ,■■ 

1  .       ^^  .....           1>    .  .   ,.      , 

22.1 
20.5 
36.5 
19.5 
31.2 
17.6 
15.1 
12.8 
17.7 
15.9 
36.4 
19.1 
18.5 
25.5 
15.5 
33.4 
21.7 
46.1 
23.8 
36.3 
19.4 
19.9 
42.5 
31.2 
34.2 
32.8 
36.4 
36:1 
24.5 
34.5 
26.5 
25.1 


377 

214 

3(^3 

106 
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69 

56 

15 

27 

41 

84 

39 

36 

42 

18 

50 

28 
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18 
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sixlh,  Kiani>,  di  i.|.|)iii^;  in  tuciity  lil'ili.  'I  lir  soiillirrii  ami  caslcrii  m«-ii  w<rc  for  th»- 
most  part  larKily  fifi-  from  scarlet  fcvi-r  diiriiin  the  first  winter  season,  and  continued 
so  for  the  rest  of  the  year,  the  excejition  heinj;  Camp  Hancock.  That  scarlet  fever  in 
the  civil  coiniiniiiity,  whicii  furnishes  men  to  the  eamit,  is  responsible  for  the  continu- 
ation of  tile  disease  in  the  cainj),  is  home  out  hy  the  continued  prevalence  of  the  disease 
in  the  niidillc  west  and  far  western  camps.  In  addition  to  the  six  we  have  mentioned  as 
haviuK  hij^h  rales  (hiriiiK  tiw  winter,  we  may  add  Custer,  Logan  and  Funston,  which 
were  in  the  lirst  eiKJit  of  thi  talde  in  the  summer  months,  Custer  and  Funston  beinjj 
likewise  in  the  first  ciKl't  "f  ilic  autuinii  tahle.  In  the  latter  period,  Logan  had  but  one 
case. 

The   diatlis    from    siailet    fever   have   been    few,    but    four   being   reported    in    all    the 
larpo  camps  (hiriiii;  the  summer,  and  but  five  during  tlic  autumn. 


T.uii.K  18 

M.\i,ARi.\ — Four  .\uti;.mn  Mo.ntils 

\\  eek  Knding  September  6,  1918,  to  December  27,  1918 

Annual  Admission  Rate  per  1000  for  .Ml  Troops  in  U.  S 2.7 
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3 
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4 
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10 
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11 

I'iko 
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23.3 
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24.0 
38.2 
17.3 
32.3 
13.3 
20.7 
33.3 
24.1 
19.9 
34.0 
49.0 
28.-3 

5.9 
22.0 
30.9 
42.1 
43.8 
35.0 
35.0 
39.5 
16.6 
12.9 
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66 

92 

49 

43 

33 

53 

73 
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11 
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9 
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14 

6 

1 

4 

4 

5 
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4 
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BEAUREGARD 


ADMISSIONS  FOR 

MALARIA 

^^OtiG  ALL  TROOPS  mU-S- 

4AUTUMH  MOUTHS 
5EPT.TODEC..HC1..1918. 


VHEELER 


SEVIER- 


BOWIE 

M*^  CLELLAM- 

KEARIiY. 

^WADSWDRTH^ 

HUMPHREYS- 

HANCOCK- 

5HERinAti,C0DY- 


LOGAN I 

SHELBY ►-   ■ 

BOWIE ►-  I 


^ 


30 


20 


35 


25 


10 


16 


-LASCA5A5 


-EU5T1S 
rOHMSTOK 
GORDON 
PIKE 

JACKS  OM 

/tr^svis 

WARTHUR  .LEWIS. 

GBEEKLEAT 

FUHSTOTl 

DOD&E 

SHEBMAH  .MEADE  Ji3:.G3RAriT. 

DDC.DEVEttS 

GREENE ,  FREMONT 


CHART  XXV 
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E.    MALARIA 

Malaria  was  most  prevalent  during  the  summer  of  1918,  the  camps  of  southern  men 
showing  the  greatest  amount.  Malaria  data  are  given  in  Table  17,  and  illustrated  in 
Chart  XXIV.  Beauregard  stands  at  the  top  of  the  list  with  an  annual  admission  rate  of 
40.4.  This  is  followed  by  Shelby. with  a  rate  of  24.6,  and  Pike  with  23.5.  The  remain- 
ing twenty-nine  camps  have  rates  varying  from  12.8  to  5.8. 

As  seen  in  Table  18,  the  data  of  which  are  illustrated  in  Chart  XXV,  malaria  during 
the  autumn  was  likewise  greatest  at  Beauregard  whose  rate  was  slightly  greater  than 
during  the  summer.  The  five  camps  with  rates  above  ten  are,  in  addition  to  Beauregard, 
Las  Casas  with  a  rate  of  31.3,  Wheeler  with  16.1,  Sherman,  12.1  and  Eustis,  10.7.  It  is 
again  the  camps  of   southern  troops  where  malaria  is  most  prevalent. 

The  eradication  of  malaria  is  primarily  a  matter  of  sanitation,  that  of  wiping  out  the 
breeding  places  of  the  malarial  mosquito,  but,  the  presence  of  malaria  in  army  camps  is  not 
a  criterion  of  the  way  this  mosquito  elimination  work  has  been  carried  out.  The  malaria 
reports  have  come  from  men  who  contracted  malaria  prior  to  their  entrance  into  the 
army.  There  is  little  if  any  evidence  that  malaria  has  spread  among  uninfected  indi- 
viduals in  the  camps. 

Of  9  cases  of  malaria  at  Fremont  from  June  1  to  August  31,  all  gave  a  history  of 
previous  attack  before  arrival  at  camp. 

Devens  reports  that  with  one  exception  during  the  summer  of  1918.  all  of  the  few 
cases  of  malaria  were  men  from  the  southern  states  who  brought  the  disease  with   them. 

Sevier  informs  us  that  "no  cases  of  malaria  have  developed — except  in  men  coming 
from  places  where  malaria  is  present."  This  refers  to  the  summer  months  of  June.  July 
and   August. 

From  Meade  we  learn  that  "of  the  24  discovered  cases  of  malaria  in  July  (lioth 
latent  and  febrile  cases)  all  occurred  in  recent  arrivals  and  were  plainly  recurrences  of  old 
infections." 

Taiu,k  19 

TuiiKRCULOsis — Five  Su.mmkr  Months 

Week  Ending  April  5,  1918,  to  August  30,   1918 

Annual   Death   Rate  per  1000  for  All  Troops  in  I'.   S 18. 


AVERAGE 

STRENGTH 

IN 

THOl'SAND.S 


NITMBKR    OK         ANNUAL 
lll'.ATIIS  lU'ATH     RATI-; 

im:k   100.000 


1 

(Gordon 

2 

Lee 

3 

l'l)ton 

4 

Meade 

S 

Pike 

r. 

Dodge 

/ 

.Sherman 

8 

Tavlf)r 

') 

C.rant 

10 

Logan 

11 

'Iravis 

12 

Siieridan 

13 

larkson 

M 

Kearny 

15 

I'lcmont 

16 

Dix 

17 

iMuiston 

IS 

1  lancoek 

!•> 

Lewis 

36.4 
42.5 
34.5 
36.3 
36.5 
31.2 
32.8 
34.7 
36.4 
15.1 
31.2 
15.9 
33.4 
19.4 
19.9 
46.1 
2.5.1 
25.5 
34.2 


32. 
28. 
28. 
26. 
26. 
23. 
22. 
20. 
20. 
16. 
15. 
15. 
14. 
12. 
12. 
10. 

9. 

9. 
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V.    TlMiKRCCr.OSIS 

Cases  of  tu1)crculosis  are  not  rrpoitcd  wctkly  hy  telegraph  to  the  Surgeon  Gen- 
eral's ofticc,  and  we  have  therefore,  Inil  a  record  of  the  deaths  from  this  cause.  There 
have  been  relatively  few  deaths  from  tuberculosis  as  compared  with  certain  other  dis- 
eases. However,  inasmuch  as  the  American  soldier  is  supposed  to  pass  a  rigid  physical 
examination  before  entering  the  army,  we  may  regard  the  death  rate  from  this  cause 
as  unnecessarily  high.  During  the  winter  of  1917-18  the  highest  rates  are  found  at 
Wheeler,  Pike,  Beauregard,  Wadsworth  and  Sherman,  these  camps  being  represented  by 
personnel    from   the   south   and   east.      Tuberculosis    deaths    were   less    during   the    summer. 

Tabi.i-   20 

Tuberculosis — Four  Autumn  Months 

Week  Ending  September  6,  1918,  to  December  27,  1918 

Annual  Death  Rate  per  1000  for  All  Troops  in  U.  S 46. 


ORDER 


AVERAGE 
STRENGTH 

IN 
THOUSANDS 


NUMBER    OF        ANNU.^L 
DEATHS        DEATH    RATE 
PER    100,000 


1 

Humphreys 

24.1 

5 

64. 

2 

Gordon 

29.3 

5 

52. 

3 

Meade 

42.1 

7 

5L 

4 

Jackson 

38.2 

6 

48. 

5 

Beauregard 

13.7 

2 

45. 

6 

Taylor 

54.9 

7 

39. 

7 

Funston 

49.0 

6 

38. 

8 

Hancock 

34.0 

4 

36. 

9 

Grant 

35.0 

4 

35. 

10 

Travis 

32.3 

3 

28. 

11 

Wheeler 

12.5 

1 

25. 

12 

Upton 

27.9 

2 

22. 

13 

Lee 

43.8 

3 

21. 

14 

Sherman 

30.9 

2 

20. 

15 

Dix 

35.0 

2 

18. 

16 

Custer 

36.1 

2 

17. 

17 

Johnston 

19.7 

1 

16. 

18 

Greenleaf* 

19.9 

1 

15. 

19 

Sheridan 

22.0 

1 

14. 

20 

Pike 

44.2 

2 

14. 

21 

Sevier 

23.3 

1 

13. 

22 

Lewis 

35.3 

1 

9. 

23 

Devens 

39.5 

1 

8. 

*Greenleaf — 12   weeks — Week   ending  June    14,   to   Aug.    30. 

Nineteen  camps  reported  deaths.  Li  the  autumn  twenty-three  camps  reported  deaths, 
the  rates  during  the  season  running  up  to  64.  Of  the  camps  which  stood  among  the  first 
five  in  the  winter  table,  none  are  represented  in  the  first  five  of  the  summer  table,  or 
in  the  autumn  table.  Two  camps  which  stood  high  during  the  summer,  namely.  Meade 
and  Gordon,  were  likewise  within  the  first  five  during  the  autumn.  The  number  of  deaths 
was  not  over  seven  per  camp   during  either  season.      (See  Tables   19,  20.) 

G.    DIPHTHERIA 

During  the  winter  season,  deaths  from  diphtheria  were  reported  in  seven  out  of 
twenty-nine  large  camps.  In  the  summer  but  six  camps  reported  deaths,  and  in  the 
autumn  but  one.  At  no  camp  during  the  summer  and  fall  was  more  than  one  diphtheria 
death  registered.     (See  Table  21.) 
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From  Aug.  25,  1917,  to  Ma\'  31,  1918,  there  were  62  cases  of  diphtheria  with  three 
deaths  at  Cody.  This  is  about  one-fourth  the  measles  incidence.  Of  3500  cultures  taken 
among  men  as  thej^  arrived  in  the  recruit  camp,  27  carriers  were  found.  This  is  .11  per 
cent.  In  most  of  the  regiments  about  one  per  cent  of  the  strength  were  carriers.  Few 
carriers  gave  a  previous  history-,  of  the  disease.  Chronic  carriers  frequently  gave  his- 
tory of  sore  throat  and  those  with  hypertrophied  tonsils  cleared  up  after  the  tonsils  were 
removed.  It  was  the  custom  to  isolate  and  treat  carriers  four  times  daily  with  dichlora- 
minc-T   solution. 

From  June  1  to  Aug.  31,  there  were  nine  diphtheria  cases  without  fatality  at 
Cody.  The  incidence  during  the  winter  was  about  7  per  month  and  for  the  summer 
3  per  month. 

Table  21 

Diphtheria — Five   Summer  Months 

Week  Ending  April  5,  1918,  to  August  30,   1918 

Annual  Death  Rate  per  1000  for  All  Troops  in  U.  S 84 


ORDER 


CAMP 


AVERAGE 

STRENGTH 

IN 

THOUS'ANDS 


NUMBER    OF 

DEATHS 


ANNUAL 
DEATH    RATE 
PER   100.000 


1 

Dodge 

2 

Sherman 

3 

Jackson 

4 

Lewis 

5 

Meade 

6 

Dix 

31.2 
32.8 
33.4 
34.2 
36.3 
46.1 


EOUR   AUTUMN    MONTHS 
Week    Ending   Septcmlicr  6.    1918,   to   Deccml)cr  27,    1918 

Annual    Death   Rate   i)er    1000   for    All    Troops    in    U.    S 1.0 

1  McCUllan  24.6  1  12. 

Dodge  and  Grant  each  reported  7  cases  of  diphtheria  and  no  deaths  from  June  1 
to  Sept.  1.  Sherman  had  21  cases  and  no  deaths  in  the  same  time  and  Fremont  4  cases. 
One  of  these  was  contracted  in  the  base  hospital,  the  iiatient  being  readmitted  with  this 
diagnosis  following  one  day's  release  from  a  25-(la\-  detention  in  tin-  hospital.  Six  car- 
riers were  found  in  the  ward  first  occupied  by  the  i)atient.  There  was  but  one  case  of 
diphtheria,    non-fatal,   at    Meade    during    July    and    August. 

Our  record  of  cases  of  dii)htheria  is  incomjilete  as  no  weeklx  reixirt  is  made.  W  e 
may  say  that   (lii)btheria   has  been  a  disease  of   minor  eoiiseiiuenee   in   the   American    Army. 


n.    TNlMlnlli    I'EVER 

As  has  already  been  pointed  out  in  the  tables  for  the  armv  as  a  whole,  lyiihoid 
fever  and  its  associated  diseases,  the  paratyi)hoids,  have  been  \ery  intre(|nent  during 
the  sunnner  .iml  autumn  seasons  nl'  191S.  (See  Tables  2.1  and  li.)  Admissions  have 
varied  frmn  (pn<'  t<>  nimteeii,  the  latter  number  being  reixirted  from  Camp  Eee  during 
the  sumnn  r.  'i'be  admissicni  rate  for  l,ee,  however,  was  not  over  1.1  jier  1000.  whereas 
during  the  previous  winter  the  rates  nf  l>ix  and  Howie  were  2.1  and  4.1,  respectively. 
Tyi)hoid  was  re|)orl<il  at  twenty-four  of  the  large  camits  during  the  sunnner.  and  at 
twenty-three  during  the  autunni.  As  a  rule  it  has  been  the  southern  camps  rather  than 
the  northern  and  western  which  have  rei)orted  the  most  t\phoi(!.  In  the  autinnn  I.ogaii 
stanrls  at  the  toji  of  tiie  table  with  ;in  .idmission  y\\  \^.  bnrre^t  has  the  same  rate, 
but    this   merely   n  presents    idnr   eases   duriiiK'    four   months. 
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Slurman  reports  a  rdlurcl  soldier  arriving  in  camp  June  20  who  was  taken  ill  the 
next  (lay  and  admitted  to  the  hospital  with  typhoid  fever.  He  had  not  received  the 
typhoid  vaccination.  .Another  colored  soldier  arriving  in  camp  Innc  V),  was  admitted  to 
the  l)asc  hospital  June  25,  diagnosis  undetermined.  On  July  1  the  case  was  pronounced 
typhoid.     This  man   had   received  his   first  typhoid   prophylactic. 

Two  cases  of  typhoid  and  one  of  paratyplioid  occurred  at  Meade  in  ,\ugust  among 
recruits  from  the  rural  (listricts  of  Kentucky,  'i'lu-  two  typhoid  cases  had  received  the 
first  immunizing  dose  of  trii)Ie  typhoid  vaccination  in  July.  The  second  dose  was  given 
at  Meade  on  July  27.  In  one  of  these  cases  the  third  dose  was  given  a  few  days  before 
admission  to  the  hospital.  The  paratyphoid  case  had  received  the  typhoid  vaccination  in 
June,  1917,  and  paraty])hoid  in  July,   1917. 

Tahi.1-;  22 

TvPHOin     AND     P.\RATVPHOin — FiVK     Sl'MMER     AfoNTHS 

Week  Ending  April  5,   191S.  to  August  30.   1918 
Annual  Admission  Rate  per  1000  for  AH  Troops  in  U.  S 0.26 


AVERAGE 

ANNUAL 

STRENGTH 

NUMBER    OK 

ADMISSION 

NUMBER   OF 

ORDER 

CAMP 

IN 

THOUSANDS 

ADMISSIONS 

RATE   PER 
1000 

DEATHS 

1 

Greene* 

7.5 

1 

1.7 

0 

2 

Sevier 

19.5 

10 

1.2 

0 

3 

Lee 

42.5 

19 

1.1 

2 

4 

Sheridan 

15.9 

6 

.9 

0 

5 

Shelby 

20.5 

7 

.8 

1 

6 

Jackson 

33.4 

11 

.8 

3 

7 

Wadsworth 

21.7 

6 

.7 

1 

8 

Johnston 

17.6 

4 

.5 

1 

9 

Gordon 

36.4 

7 

.5 

2 

10 

Travis 

31.2 

5 

.4 

1 

11 

Bowie 

19.1 

3 

.4 

1 

12 

Sherman 

32.8 

4 

.3 

1 

13 

Devens 

36.1 

4 

.3 

0 

14 

Beauregard 

22.1 

2 

.2 

0 

15 

Cody 

24.5 

2 

2 

0 

16 

Logan 

15.1 

1 

0 

17 

Pike 

36.5 

2 

2 

18 

Fremont 

19.9 

.1 

0 

19 

Hancock 

25.5 

0 

20 

Funston 

25.1' 

0 

21 

Custer 

26.5 

.08 

0 

22 

L^pton 

34.5 

.07 

0 

23 

Lewis 

34.2 

.06 

0 

24 

Meade 

36.3 

.06 

0 

'Greene — 3   weeks — Week   eiuling   Aug.    16,   to  Aug.   30. 


Three  cases  of  typhoid  reported  from  Devens  were  admitted  to  the  hospital  almost 
directly   from   civilian   life. 

Custer  reports  the  case  of  a  soldier  who  was  inducted  into  the  service  on  August  26 
prior  to  which  date  he  had  been  at  home  where  a  sister  was  ill  of  typhoid.  This  man 
received  his  first  inoculation  .\ugust  28  and  his  second  September  4.  He  was  admitted 
to  the   base   hospital   with   typhoid   on   September    10. 

Typhoid  carriers  are  not  numerous  if  we  may  judge  by  the  reports  from  Fremont. 
Cooks  and  food  handlers  to  the  number  of  1,037  were  examined  by  cultures  from  stools 
and  urine  during  May  and  June.  But  one  carrier  was  found  and  he  gave  no  previous 
history  of  typhoid.     His  typhoid  prophyla.xis  had  been  completed  the  year  previous. 
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Table  23 

Typhoid  and  Paratyphoid — Four  Autumn  Months 

Week  Ending  September  6,  1918,  to  December  27,  1918 

Annual  Admission  Rate  per  1000  for  All  Troops  in  U.  S 0.27 

average  annual 

strength  number  of   admission    number  of 

order  camp  in  admissions    rate  per         deaths 

thousands  1000 


1 

Logan 

2 

Forrest 

3 

Pike 

4 

Fremont 

5 

Gordon 

6 

Funston 

7 

Codv 

8 

Sheridan 

9 

Wheeler 

10 

Lee 

11 

Meade 

12 

MacArthur* 

13 

Beauregard 

14 

Greene* 

15 

Greenleaf* 

16 

McClellan 

17 

Shelby 

18 

Wadsworth 

19 

Custer 

20 

Devens 

21 

Sherman 

22 

Travis 

23 

LTpton 

14.3 

6 

1.3 

0 

9.2 

4 

1.3 

0 

44.2 

12 

.8 

1 

12.9 

3 

.7 

0 

29.3 

7 

.7 

2 

49.0 

1 

.6 

3 

5.9 

1 

.5 

0 

22.0 

4 

.5 

0 

12.5 

2 

.5 

1 

43.8 

7 

.5 

1 

42.1 

5 

.4 

1 

20.7 

3 

.4 

0 

13.7 

2 

.4 

0 

16.6 

2 

.4 

0 

19.9 

1 

2 

0 

24.6 

2 

2 

0 

12.1 

1 

2 

2 

15.3 

1 

2 

0 

36.1 

3 

2 

2 

39.5 

2 

2 

0 

30.9 

1 

.1 

0 

32.3 

3 

.1 

1 

27.9 

1 

.1 

0 

*MacArthur — 17  weeks — Week   ending   May    10,   to   Aug   30. 
*Greene — 3   weeks — Week  ending  Aug.    16,   to  Aug.    30. 
*Greenleaf — 12  weeks — Week  ending  June   14,  to  Aug.   30. 


It  is  true  that  the  death  rate  from  this  cause  for  the  arm\-  as  a  whole  increased  from 
winter  to  aututnn,  l)Ut  in  view  of  the  few  cases  involved  there  is  little  significance  at- 
tached  to   this. 

I.    VENEREAL     DISEASES 

The  highest  admission  rates  for  the  venereal  diseases  were  during  the  summer;  820 
per  1000  at  Syracuse,  and  736  at  Greene.  As  the  period  of  time  covered  by  these  rates 
is  not  over  three  weeks,  we  may  look  upon  the  rate  of  546  at  Wadsworth  as  the  highest. 
This  rate  is  higher  than  that  at  Pike,  which  headed  the  tal)ie  the  previous  winter  season, 
with  a  rate  of  312.  Pertinent  data  are  shown  in  Tables  24  and  25  for  the  summrr  and  au- 
utmn  seasons.  The  five  camps  which  stood  the  highest  in  the  winter  of  1917-18  were  Pike, 
Jackson,  Lee,  Travis,  and  Logan.  During  the  summer  innnths  the  '^w^i  highest  camps 
were  Wadsworth,  Jackson,  Custer,  l^pton  and  Sheridan  ;  and  during  the  autumn.  Bowie, 
Dix,  Pike,  Syracuse  and  Wadsworth.  There  is  little  significance  to  be  attached  to  these 
figures  without  knowing  the  personnel  and  the  recruit  arrivals.  .\s  shown  in  the  last 
column  of  the  autumn  table  a  very  great  majority  of  venereal  cases  existed  prior  to  enter- 
ing the  army.  The  figures  showing  "per  cent  of  new  cases"  must  be  regarded  as  in- 
dicatory, however,  rather  than  absolute,  for  the  method  of  reporting  venerea!  diseases 
has  not  been  worked  out  in  a  wholly  satisfactory  manner,  and  Idr  that  reason  some  camps 
have  reported  with  much  greater  accuracy  and  thoroughness  than  others,  and  it  is  these 
camps   which   as   a   consequence   may   have   the    liighcst   percentage   of    new    lo    tuial    cases. 
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T.\iirr.  24 

\i..M.Hi,\r,   Uisr.ASKS — Imvk  Simmkr  Months 

Week  KiuliiiK  April  3.  1918.  to  AuRust  3(),  1918 

Aiiiuial  Admission  Kate  per  KXKJ  for  All  Troops  in  U.  S 156. 

AVERAGE  ANNUAL 

STREXr.TH      MMHKR    OF  AliMtSSrON 

1.R  CAMP  IN  All  MISSIONS  RATE    PER 

THOUSANDS  1000 


1 

Syracuse* 

2 

Greene* 

3 

W'adswortI) 

4 

lacksdii 

5 

Custer 

6 

Upton 

/ 

Sheridan 

8 

Lewis 

9 

MacArtluir* 

10 

Trordon 

11 

Lee 

12 

Funston 

13 

Dodge 

14 

Sherman 

15 

Logan 

16 

Beauregard 

17 

Sevier 

18 

Meade 

19 

Devens 

20 

fohnston 

21 

Hancock 

22 

Travis 

23 

McClellan 

24 

Bowie 

25 

Dix 

26 

Pike 

27 

Tavlor 

28 

Wheeler 

29 

Las  Casas* 

30 

Greenleaf* 

31 

Shelhv 

Zl 

Codv 

Z2> 

Kearnv 

34 

Fremont 

35 

Grant 

13.5 
7.5 
21.7 
33.4 
26.5 
34.5 
15.9 
34.2 
15.5 
36.4 
42.5 
25.1 
31.2 
32.8 
15.1 
22.1 
19.5 
36.3 
36.1 
17.6 
25.5 
31.2 
18.5 
19.1 
46.1 
36.5 
24.7 
23.8 
12.8 
17.7 
20.5 
24.5 
19.4 
19.9 
36.4 


426 

319 

5028 

6359 

36<^)2 

4668 

2042 

4137 

1415 

4011 

4140 

2384 

2412 

2438 

975 

1356 

1145 

2017 

1891 

924 

1314 

1570 

899 

908 

2073 

1568 

1350 

853 

187 

310 

611 

685 

465 

470 

672 


820. 

iy>. 

546. 

449. 

326. 

319. 

303. 

286. 

279. 

260. 

229. 

225' 

182. 

175. 

152. 

145. 

139. 

132. 

124. 

123. 

122. 

119. 

115. 

112. 

106. 

101. 
92. 
84.6 
84.5 
76.0 
70.4 
66.0 
56.6 
55.7 
43.6 


*Syracuse — 2  weeks — Week  ending  Aug.   2o  to  .\ug.  .^0. 
*Greene — 3  weeks — Week  ending  Aug.    16  to  Aug.  30. 
*MacArthur — 17  weeks — Week  ending  May   10,   to   Aug.   30. 
*Las  Casas — 9  weeks — Week   ending  July   5   to  Aug.   30. 
•Greenleaf — 12  weeks — Week  ending  June   14  to  Aug.   30. 


The  figures  are  given  for  what  they  are  worth  and  the  best  we  can  say  is  that  as  a  rule 
less  than  10  per  cent  of  venereal  disease  is  contracted  by  men  after  entering  the  army. 

J.    MUMPS 

The  prevalence  of  mumps  among  the  troops  in  this  country  must  be  judged  from  the 
reports  of  a  limited  number  of  camps.  This  disease  is  not  included  in  the  weekly  tele- 
graphic report  and  it  is  only  the  records  sent  in  from  the  camps  voluntarily  that  are  avail- 
able. 

The  incidence  of  mumps  was  not  unlike  measles  numerically.  During  the  summer 
months  of  June,  July  and  August,  1918,  reports  from  eight  large  camps  show  2291  cases 
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Table  25 

Vexereai.  Disease — Four  Autumx  Months 

Week  Ending  September  6,  1918.  to  December  27.  1918 


N 


.  ill    J.  1  uupa    111 

>^  .     v3 10-. 

NUMBER   OF 

AVERAGE 

ANNUAL 

CASES 

PER   CENT 

ORHER 

CAMP 

STREXGTH 

NUMBER    OF 

ADMISSION 

CONTRACTED 

NEW    TO 

IN 

ADMISSIONS 

RATE    PER 

SINCE 

TOTAL    CASES 

THOUSANDS 

1000 

ENLISTMENT 

1 

Bowie 

9.8 

3497 

1090. 

53 

1.5 

2 

Dix 

35.0 

10602 

927. 

12 

.1 

3 

Pike 

44.2 

8891 

616. 

45 

.5 

4 

Syracuse* 

7.4 

729 

301. 

0 

0. 

5 

W'adsworth 

15.3 

1548 

310. 

57 

3.6 

6 

Greene 

16.6 

1620 

299. 

45 

2.7 

7 

Dodge 

28.5 

2680 

288. 

125 

4.6 

8 

Beauregard 

13.7 

1166 

260. 

58 

4.9 

9 

Upton 

27.9 

1603 

176. 

41 

2.5 

10 

Johnston 

19.7 

1094 

170. 

427 

39. 

11 

Jackson 

38.2 

1931 

155. 

9 

.5 

12 

Meade 

42.1 

2105 

153. 

85 

4. 

13 

Logan 

14.3 

704 

151. 

65 

9.2 

14 

Shelby 

12.1 

554 

140. 

144 

26. 

13 

Forrest 

9.2 

413 

137. 

10 

2.4 

16 

Gordon 

29.3 

1160 

121. 

16 

1.3 

17 

Eustis 

14.0 

507 

111. 

10 

1.9 

18 

Lewis 

35.3 

1247 

108. 

85 

6.8 

19 

Funston 

49.0 

1658 

104. 

9 

.5 

2f) 

Hancock 

34.0 

1083 

97.4 

143 

13. 

21 

Kearny 

17.5 

495 

86.5 

143 

29. 

22 

Wheeler 

12.5 

342 

83.7 

13 

4.3 

2?, 

Travis 

Z2.Z 

871 

82.3 

55 

6.3 

24 

Sheridan 

22.0 

519 

72.2 

59 

11. 

25 

Custer 

36.1 

831 

70.4 

98 

12. 

26 

Lee 

43.8 

909 

63.5 

38 

6.3 

27 

Sevier 

23.3 

469 

61.6 

83 

18. 

28 

Hum])hreys 

24.1 

482 

61.2 

46 

9.5 

29 

Sherman 

30.9 

fi08 

(^.2 

75 

12. 

30 

McClellan 

24.6 

463 

57.5 

13 

3.2 

31 

Cody 

5.9 

109 

56.5 

0 

0. 

21 

Devon s 

39.5 

fA7 

50.1 

170 

26. 

ii 

C'lrccnleaf 

19.9 

284 

43.6 

3 

1.0 

34 

'I'aylor 

54.9 

868 

48.3 

:s. 

8.9 

y:^ 

Fremont 

12.9 

178 

42.2 

42 

24. 

36 

Mac  Artlnir 

20.7 

279 

41.2 

71 

25. 

37 

<irant 

35.0 

468 

40.6 

0 

0. 

38 

Las  Casas 

12.8 

111 

26.5 

0 

0. 

*Syracuiic — 13  weeks— 

-Week  eiuliiiK   1 

Sept.   (<,   In  Nov. 

39. 

of  mumps  to  1699  cases  of  measles.  (See  Table  2u.)  There  was  35  per  cent  more  mumps 
than  measles.  The  excess  of  mumj)s  over  ineaslcs  was  somewhat  less  durinjf  the  pre- 
vious winter  period,  when  there  were  reported  from  nine  camps  14,717  cases  of  mumps  .md 
11.816  cases  of  measles,  mumps   bciufj  25  per  cent   greater. 
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'.7V 


Taiuj:  26 
WixTKK  AND  Sprino  1917-18 


I"  A  M  I' 

I'KKion 

No.     WKKKS 

MKASLKS 

M  I'M  PS 

1  )rV(.iis 

10/1/17- 
7/31/18 

43 

785 

7  78 

Taylor 

10/3/17- 
12/31/17 

13 

903 

114 

Cody 

8/25/17- 
5/31/18 

39 

235 

\(H 

Kiarny 

10/7/17- 
5/3/18 

37 

1538 

1674 

Lee 

10/1/17- 
4/30/18 

30 

1143 

3363 

IJeaurejiard 

9/1/17- 
5/3/18 

38 

2627 

3569 

Johnston 

12/24/17- 
4/30/17 

18 

447 

591 

Sevier 

8/28/17- 
4/30/18 

35 

3576 

3217 

McClellan 

10/1/17- 
4/30/18 

30 

542 

3i)7 

Total 

11816 

14717 

Simmer  1918 

Dodge 

lune    1- \u,u.    31 

13 

525 

369 

Codv 

13 

141 

119 

Sherman 

13 

82 

116 

Grant 

13 

141 

^iS 

Gordon 

13 

312 

936 

Fremont 

13 

94 

92 

Sevier 

13 

344 

278 

Meade 

July   1   to  Aug.  31 

9 

6U 

33 

Total 

1699 

.     2291 

The  Annual  Report  of  the  Surgeon  General  for  the  entire  year  1917  gives  A7.S73 
measles  admissions  to  21,725  for  mumps.  After  Jan.  1,  mumps  appeared  in  greater  num- 
bers than  measles. 

As  between  the  cold  and  warm  weather  periods  (and  it  must  be  remembered  in  this 
connection  that  the  cold  weather  is  coincident  with  the  earliest  days  of  the  men  in  camp 
whereas  the  warm  period  covers  the  termination  of  the  training)  mumps  was  more  fre- 
quent in  the  former.  Expressed  as  an  annual  rate  per  1000  the  rates  for  the  winter  and 
spring   period   were   as    follows : 


The   summer  rates   were : 

Beauregard  2^2. 

Sevier  182. 

Lee  182. 

Kearny  112. 

Devens  31.2 

McClellan  21.0 

■Tavlor  17.5 

Codv  6.3 


Gordon 

Sevier 

Dodge 

(jrant 

Cody 

Fremont 

Sherman 

Meade 


94.6 
73.6 
41.7 
37.5 
19.7 
16.1 
14.1 
5.1 


Mumps  was  more  prevalent  among  the  southern  than  northern  troops  in  the  winter. 
The  climatic  influence  during  the  summer  can  not  be  judged  owing  to  the  paucity  of  the 
data. 
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During  the  month  of  May  recruits  of  the  April  draft  located  in  the  Depot  Brigade 
at  Camp  Grant  contributed  nearly  all  of  the  149  cases  of  mumps  occurring  in  that  month. 
Mumps  was  most  common  among  the  negro  troops  from  June  1  to  Aug.  31.  It  assumed 
epidemic  proportions  in  Tune  following  the  arrival  of  negro  recruits  from  the  southern 
states.  Cases  again  increased  in'  number  after  the  arrival  of  another  lot  of  colored 
recruits  on  July  30.  Some  cases  developed  among  men  who  had  been  in  camp  less  than 
48  hours.     The   cases   were   sporadic  among  white  troops. 

From  Sept.  1  to  Oct.  1,  1918,  there  were  238  cases  at  Grant,  90  per  cent  of  which 
were  among  colored  men  of  the  development  and  labor  battalions.  Only  5  per  cent  of 
these  cases  were  among  new  recruits. 

During  1917  there  were  but  eight  deaths  among  21,725  cases  in  the  army  in  this 
country.  The  greatest  objection  to  mumps  is  that  it  makes  soldiers  noneffective,  con- 
stituting a  burden  to  the  base  hospital.  In  1917  this  disease  kept  men  in  the  hospital  11.7 
days  as  compared  to  11.3  days  for  measles.  During  the  winter  season  at  Kearny  mumps 
caused  11.7  per  cent  of  all  admissions  to  the  hospital  and  quarters.  The  average  time  for 
each  case  in  the  hospital  was   12  days. 

Capt.  Burns,  epidemiologist  at  Camp  Lewis  believes  that  greater  caution  should  be 
used  in  handling  mumps.  He  says  "the  men  are  sick.  They  are  taken  to  the  one  place 
in  camp  where  other  contagious  diseases  are  cared  for.  They  tax  the  service  and  are 
often  exposed  to  cross  infection.  The  men  are  weak  for  a  considerable  time  after  being 
discharged  to  duty."  A  serious  phase  of  the  question  is  sounded  by  Capt.  Burns  when 
he  reports  that  "33  per  cent  of  the  cases  of  mumps  admitted  to  the  base  hospital  in  1918 
were  complicated  by  orchitis."  This  complication  was  far  more  frequent  at  Lewis  than 
at  other  camps  of  which  we  have  record.  Devens  reports  that  complications  were  few 
and  that  no   disability   followed   the   disease.     Orchitis   is   reported   as    rare   at   Cody. 

At  Kearny  mumps  has  differed  from  measles  and  in  fact  from  most  other  diseases 
in  its  relatively  belated  appearance  in  camp.  Thus  at  Kearny  during  the  period  Sept.  7, 
1917,  to  May  31,  1918,  only  10  per  cent  of  1674  cases  occurred  prior  to  Jan.  1.  During  the 
same  period  88  per  cent  of  measles  had  occurred,  65  per  cent  of  bronchitis,  38  per  cent 
of  tonsillitis,  33  per  cent  of  diphtheria,  21  per  cent  scarlet  fever,  74  per  cent  epidemic 
cerebrospinal  meningitis,  75  per  cent  lobar  pneumonia,  and  71  per  cent  of  bronchial 
pneumonia.     The  distribution  of   1674  cases  of  mumps  by  months  was  as   follows: 

PER   CKNT   OF   TOTAL    NUMRKR 

(1917)  Sept.  .4 
Oct.  .6 
Nov.  3.5 
Dec.  6.2 

(1918)  Jan.  13.6 
Feb.  30.8 
Mar.  45.8 

The  same  experience  is  riportrd   from  Cody   where   the  cases  by   months   were: 

NUMHKR  Ol'   CASKS 

(1917)  Aug.  1 
Sept.  1 
Oct.  2 
Nov.  2 
1 )ec.  3 

(1918)  Jan.  7 
I'cb.  12 
Mar.  25 
Apr.  20 
May  31 
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While  the  disease  was  frequently  introduced  by  draft  increments  it  was  by  no 
means  confnied  to  men  just  entering  camp,  as  is  shown  by  the  following  analysis  at  Cody: 

l.KNCTir    OI"    SKRVICK  NO.   OF   CASES 
1  month  or  less  30 

1  to  2   months  40 

2  to  3  months  27 
Over   3   months                              22 

K.    OTHF.R    DtSKASKS 

Most  prominent  anions  diseases  which  have  not  been  touched  upon,  exclusive  of 
pneumonia,  were  the  minor  respiratory  affections  variously  labeled  bronchitis,  tonsillitis 
and  influenza.  The  exact  number  of  these  wc  shall  never  know,  for  many  escaped  rec- 
ord.    The  number  given  as  having  been  admitted  to  the  hospital  is  but  a  partial  record. 

From  June  1  to  Aug.  31,  Sherman  admitted  202  cases  of  tonsillitis  and  16  of  influenza, 
the  latter  having  no  laboratory  confirmation.  Fremont  at  this  time  reported  18  cases  of 
Vi)ice>it's  Angina.  Gordon  informs  us  that  "colds,  bronchitis,  sore  throat,  and  kindred 
affections  have  been  prevalent  in  this  command — and  has  predisposed  to  the  graver  re- 
spiratory diseases." 

The  most  annoying  feature  of  these  minor  infections  is  the  complication  likely  to 
develop.  Epidemiologists  who  have  studied  the  matter  closely  have  observed  that  not 
infrequently  pneumonia  is  preceded  by  some  form  of  cold.  Thus  at  Camp  Dodge  during 
the  summer  season  an  investigation  of  33  pneumonia  cases  proved  that  25  were  preceded 
"by  either  colds,  la  grippe,  bronchitis  or  influenza.  Major  Woolley  of  Devens  reports  that  in 
a  very  large  majority  of  the  pneumonia  cases  during  the  summer  season  the  onset  was  not 
sharp,  but  was  preceded  by  a  complaint  of  coughs,  colds,  etc.  He  believes  that  patients 
with  acute  infections  of  the  upper  respiratory  tract  should  be  regarded  as  possible  future 
subjects  of  pneumonia.  We  believe  this  to  be  generally  true  in  spite  of  the  fact  that 
the  Surgeon  General's  Report  for  1917  gives  among  10,668  cases  of  pneumonia  but  20 
following  bronchitis,  19  following  influenza,  7  following  tonsillitis  and  2  following  laryn- 
gitis. Many  of  the  so-called  primary  pneumonias  follow  in  the  wake  of  a  debilatory  cold 
of  which  there  is  no  record. 

The  evidence  of  Fremont  on  the  west  coast  is  contrary  to  the  above,  for  during 
June,  July,  and  August,  1918,  the  majority  of  51  cases  of  lobar  pneumonia  gave  no  pre- 
vious history  of  bad  colds,  bronchitis  or  tonsillitis. 

The  autumn  season  of  1918  witnessed  an  increasing  number  of  minor  respiratory 
affections    before    the    advent    of    influenza. 

German  Measles  has  been  common  in  many  camps,  but  the  statistical  data  are  un- 
reliable owing  to  confusion  with  measles.  Cody  reports  that  great  care  was  exercised  in 
differentiating  the  two  measles  and  from  Aug.  25,  1917,  to  May  31.  1918.  1315  cases  of  Ger- 
man measles  were  reported  and  but  235  measles. 

In  the  entire  year,  1917,  there  were  but  8,982  German  measles  cases  among  the 
troops  in  this  country  as  against  47,573  measles. 

In  the  summer  months  of  Jvme.  July  and  August,  Cody  reported  but  2  German 
measles  to  141  measles.  Curiously  enough,  these  identical  figures  represent  the  situation  at 
Grant  during  the  summer.  Fremont  reported  14  German  measles  and  94  measles,  Sevier 
7  German  measles  and  344  measles.  If  we  may  rely  upon  the  diagnosis.  German  measles 
was  much  less  common  during  the  warm  months  than  during  the  winter. 

Chicken  pox  was  infrequent.  In  1917.  this  disease  amounted  to  but  0.6  per  cent  of 
measles.  During  June,  July  and  August  Gordon  reported  one  case.  Fremont  4  cases  and 
Grant  2  cases. 

Whooping  cougli  was  likewise  almost  unknown.  But  25  cases  occurred  in  1917  and 
none  to  our  knowledge  in  1918. 

Smallpox  was  more  prevalent  than  chicken  pox,  judged  by  the  few  reports  available 
for  the  warm  period  of  the  summer  season.  Cody  had  one  case,  a  recruit  from  Oklahoma 
who  entered  the  hospital  four  days  after  his  arrival  in  camp.     Dodge  reported  eight  cases 
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from  June  1  to  Auk.  31.  1  wo  of  tlusc  cases  were  drafted  nun  arriviiip  in  camp  in  the 
eruptive  stasc     Hrant  liad  two  cases,    Sevier  nine. 

Fremont  reported  one  case  of  unlhinx  duriiiK  llie  summer.  Two  cases  of  Irjcalized 
anthrax  occurred  at  Camp  Lewis  durini;  Junr  and  July  which  were  diagnosed  both  clin- 
ically and  bacteriologically.  These  cases  occurred  at  the  time  the  91st  Division  left  camp. 
En  route  to  Hohoken  11  more  cases  were  discovered  and  transferred  to  the  Base  Hospi- 
tal at  Camp  Merritt.  These  cases  were  mild  in  type,  "the  lesion  being  located  upon  the 
shaven  area  of  the  neck."  There  are  other  instances  known  where  anthra.x  was  i)rovefl 
to  have  been   transmitted  by  infected  shaving  brushes. 

BacilUiry  dysmtrry.  to  the  number  of  12  cases  with  two  deaths  was  reported  from 
Meade  during  July  and  .August.  This  was  coincident  with  a  sharp  rise  in  gastrointestinal 
disorders  and  diarrhcts  about  the  middle  of  .\ugust  and  due  to  a  temporary  breakdown  in 
the  chlorination  of  the  water.  As  will  be  seen  in  Chart  X  dysentery  of  an  unstated  form 
was  more  prevalent  in  the  army  at  large  in  the  latter  half  of  1918  than  in  the  first  part. 
The  annual  rate  exceeded  one  per  1000  on  only  seven  occasions  during  1918.  Dysentery,  so 
called,  was  jnore  prevalent  than  tyi)hoid. 

I..     I'NKr.MONIA     DIRING    SUMMER     SEASON 

It  has  been  thought  best  to  separate  the  autumn  from  the  summer  season  in  dis- 
cussing the  pneumonia  situation.  This  is  owing  to  the  close  association  between  pneumonia 
and  influenza  in  the  autumn  to  which  a  special  section  of  this  report  has  been  devoted. 
The  summer   season,   however,   may  well   be   described   here. 

The  highest  rate  for  the  summer  season  is  seen  from  Table  27,  Csee  also  Chart 
XXVI)  to  be  at  Camp  Las  Casas  which  is  located  in  Porto  Rico.  The  admission  rate 
amounted  to  53.4.  The  record  for  Las  Casas  is  limited  to  nine  weeks  as  the  camp  was 
not  opened  until  the  first  week  in  July.  Of  the  camps  for  which  there  is  a  complete 
record  of  twenty-two  weeks,  Dodge  stands  first  with  a  rate  of  38.2.  This  is  11  higher 
than  the  Dodge  rate  for  the  previous  winter.  During  the  winter  there  were  six  camps  with 
rates  higher  than  that  of  Dodge  and  four  camps  higher  that  that  of  Las  Casas. 

The  higher  rate  at  Las  Casas  is  readily  explained  by  the  newness  of  the  camp  and 
the  assembling  of  recruits.  Most  of  this  pneumonia  occurred  prior  to  the  middle  of 
August.  The  measles  epidemic  followed  after  the  peak  of  the  pneumonia  outbreak,  a 
sequence  which  has  rarely  been  met  with  at  other  rr.m:)>:.  Although  Camps  Dodge,  Funston, 
Gordon,  Devens  and  Custer  occupied  a  relatively  high  position  in  the  summer  table  which 
is  contrary  to  their  position  the  previous  winter,  still  for  the  most  part  it  is  the  camps  of 
southern  troops  which  continue  to  occupy  the  upper  half  of  the  rate  table.  Summer  pneu- 
monia was  for  the  most  part  sporadic  rather  than  epidemic,  and  a  good  deal  of  it  oc- 
curred during  April.  There  was  very  little  during  the  warm  months  of  the  year.  In  fact 
Dodge's  high  rate  was  due  to  a  rather  sharp  outbreak  during  .\pril.  If  the  facts  were 
known  we  could  probably  trace  most  of  the  pneumonia  of  the  entire  period  to  the  entrance 
of  recruits  at  the  camjjs.  However,  the  admission  of  new  men  during  the  warm  summer 
months   is   attended   with   less   pneumonia   than   in   the   winter   season. 

The  case  mortality  of  pneumonia  during  the  summer  averaged  less  than  during  the 
previous  winter.  There  is  a  variation  among  the  camps  from  about  7  per  cent  to  100 
per  cent.  Omitting  the  last  figure,  which  record  is  for  two  weeks  only  at  Syracuse,  and 
omitting  a  rate  of  50  per  cent  at  Camp  Greene  whose  rate  is  for  but  three  weeks,  the 
highest  mortality  is  at  Dodge,  this  figure  amounting  to  33  per  cent.  The  summer  pneu- 
monias were  for  the  most  part,  lobar  rather  than  bronchial.  Thus  at  Dodge  of  40  cases 
occurring  between  August  5  and  September  3  and  of  which  33  were  carefully  investigated, 
it  was  found  that  26  were  lobar  pneumonia  and  only  one  primary  bronchopneumonia. 
It  may  further  be  noted  that  there  was  but  one  instance  in  which  two  cases  were  reported 
from  the  same  company,  all  other  cases  being  scattered  throughout  the  camp.  Of  the  33 
cases  which  were  inquired  into,  25  followed  an  attack  of  either  cold,  grippe,  bronchitis 
or  influenza. 

Funston  is  second  in  the  table  with  a   rate   of  37.2.     Tlie  pneumonia  which  occurred 
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Table  27 

Pneumonia — Five    Si'mmek    Months 

Week  Ending  April  5,   1918,  to  August  30,   1918 


14.8 


' 

j-iuups    111     l„ 

.    vJ l-t.O 

AVERAGE 

ANNUAL 

STRENGTH 

NUMBER    OF 

ADMISSION 

NUMBER   OF 

PER  CENT 

ORDER 

CAMP 

IN 
THOUSANDS 

ADMISSIONS 

RATE   PER 
1000 

DEATHS 

CASE 
MORTALTTV 

1 

Las    Casas* 

12.8 

123 

55.4 

17 

14. 

2 

Dodge 

31.2 

505 

38.2 

168 

2,2,. 

3 

Funston 

25.1 

395 

37.2 

75 

19. 

4 

Gordon 

36.4 

533 

34.1 

118 

22. 

5 

Wheeler 

23.8 

290 

28.8 

43 

15. 

6 

Travis 

31.2 

380 

28.7 

64 

17. 

7 

Devens 

36.1 

409 

26.7 

46 

11. 

8 

Cody 

24.5 

272 

26.2 

38 

10. 

9 

Pike 

36.5 

379 

25.8 

104 

27. 

10 

Custer 

26.5 

264 

23.5 

48 

18. 

11 

Jackson 

33.4 

325 

23.0 

59 

18. 

12 

Bowie 

19.1 

156 

19.3 

19 

12. 

13 

Taylor 

34.7 

248 

18.9 

52 

21. 

14 

Beauregard 

22.1 

173 

18.4 

15 

8.7 

15 

Sevier 

19.5 

143 

17.3 

19 

13. 

16 

Lewis 

34.2 

235 

16.2 

34 

14. 

17 

Logan 

15.1 

101 

15.9 

7 

6.9 

18 

Johnston 

17.6 

97 

13.0 

8 

8.2 

19 

Sherman 

32.8 

172 

12.4 

47 

27. 

20 

Shelby 

20.5 

99 

11.4 

11 

11. 

21 

L^pton 

34.5 

163 

11.2 

35 

21. 

22 

Fremont 

19.9 

92 

10.9 

17 

18. 

23 

MacArthur* 

15.5 

47 

9.3 

6 

13. 

24 

Greene* 

7.5 

4 

9.2 

2 

50. 

25 

Grant 

36.4 

139 

9.0 

39 

28. 

26 

Meade 

36.3 

138 

9.0 

22 

16. 

27 

Sheridan 

15.9 

60 

8.9 

15 

25. 

28 

Wadsworth 

21.7 

80 

S.7 

11 

14. 

29 

McClellan 

18.5 

(A 

8.2 

6 

9.4 

30 

Kearny 

19.4 

64 

7.9 

6 

9.4 

31 

Lee 

42.5 

134 

7.4 

19 

14. 

?>2 

T)ix 

46.1 

110 

5  6 

21 

19. 

2>2, 

Hancock 

25.5 

50 

4.7 

6 

12. 

34 

Greenleaf* 

17.7 

11 

2.7 

2 

18. 

35 

Syracuse* 

13.5 

0 

0 

1 

100.+ 

"Las   Casas — 9   weeks — Week   cndiinc  Jiilv   .'i   to    Aufj.    30. 
*MacArtluir — 17  weeks— Week  eiuliiiK  -May    10,  to  Aug.  30. 
*Grcenc — 3   weeks — Week   ciulinR   Aur.    16   to    Aug.    30. 
•Greenleaf — 12   weeks — Week   ending  June    14   to    Aug.    30. 
•Syracn.se — 2  weeks — Week  ending  Aug.   23   to   Aug.   30. 

between  June  15  and  .August  15  and  which  aniMunled  to  103  cases,  was  confiued  fur  the 
most  part  to  the  June  and  July  draft  of  Louisiana  and  Oklahoma  negroes.  The  follow- 
ing table  is  interesting  in  this  connection.  The  figures  rei)reseut  the  number  of  cases 
per   thousaufl    strength    during    the   j)eriod    above    mentioned: 


liNi;   MK.WT 


White    men 
\rissouri    negroes 
Oklahoma   negroes 
Louisiana   negroes 


0 
0 

4. 
2.6 
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White   men  .1 

Missouri    negroe.s  1. 

Kansas    negroes  1. 

Mississippi   negroes  4. 


coMMUxiCAiii.i",  i)isi;.\si:s  IX  Tin",  im  ri;u  status  arms' 


0.S5 


Tn  the  June  nml  Jnlv  drafts  tticrc  were  rcci-ivc-fl  27,0(K)  white  men,  who  funiislicfl 
fuiii-  cases  (if  piuuindiiia  from  liiiic  15  t<i  AiiKUst  15.  During  tlie  same  period,  12,fXX) 
colored  draft  men   provided  S3   cases   of   pneumonia. 

The  sporadic  nature  of  the  pneumonia  during?  the  summer  is  home  out  by  testimony 
from  many  camps.  Fremont  re|)orted  that  of  78  cases,  all  of  which  were  primary  pneu- 
monia, no  two  cases  occurred  amonjr  men  of  the  same  company.  Gordon  stands  next  to 
Funston  with  a  rate  of  34.1.  Murinj^^  the  cntiri-  summer  season  there  were  533  cases  of 
pneumonia  reported.  In  tlie  jiiriod  frmn  June  1  to  September  8  there  were  257  cases  of 
pneumonia,  all  of  wliich   were  loliar.     Only    four  of   these   followed  measles. 

Camp  Jackson  states  that  most  of  the  cases  during  the  summer  occurred  in  newly 
drafted  men  and  it  was  attributed  to  their  change  of  environment.  These  men  came 
from  rural  communities.  They  developed  a  "barracks  cough"  which  seemed  to  make  them 
more  susceptible  to  pneumonia.  At  Grant,  pneumonia  was  confined  for  the  most  part  to 
the  161  Depot  Brigade  and  the  colored  organizations.  From  June  1  to  September  10 
ther*'.  were  85  cases  of  pneumonia  at  Beauregard.  Eighty  of  these  were  lobar.  Of  the  85, 
70  were  primary,  three  followed  measles,  five  followed  colds,  grippe  or  bronchial  influ- 
enza and  four  were  postoperative.  Sixty-three  of  the  85  cases  had  seen  less  than  one 
month's  service.  The  proportion  of  bronchial  pneumonia  among  camps  during  June,  July 
and  .\ugust  was  as  follows  : 

Cases  of  Pneumonia 


LOBAR 


PER  CENT  OF 

BRONCHO- 
PNEUMONIA 


Shelby 
Sevier 
Meade* 
Fremont 
Sherman 
'  Beauregard 
Dodge 
Gordon 


41 
31 
23 
51 
54 
80 
31 
257 


40 

21 

15 

27 

12 

5 

2 

0 


49. 

40. 

40. 

35. 

18. 
5.9 
5.7 
0 


*July  and  August  only. 

Beauregard's  case  illustrates  the  general  trend  of  the  pneumonias  from  winter 
to  summer.  From  September,  1917,  to  May,  1918,  inclusive,  61  per  cent  of  pneumonias 
were  bronchial.  In  the  three  warm  summer  months,  as  shown  above,  the  bronchial 
pneumonias  amounted  to  but  5.9  per  cent. 

The  mortality  from  each  of  the  two  forms  of  pneumonia  in  the  warm  summer 
months  we  can  judge  only  from  the  figures  available  for  a   few  camps,  thus: 


Cases 


LOBAR    PNEUMONIA 

%   Case 
mortalitv 


Deaths 


Cases 


BRONCHOPNEUMONIA 

%  Case 
mortalitv 


Deaths 


Fremont 
Sevier 


51 
31 


16. 
13. 


27 
21 


15. 
14. 


There  were  but  three  deaths  among  85  pneumonias  at  Beauregard.  One  of  the 
deaths  was  due  to  lobar  pneumonia  as  determined  by  autopsy.  The  form  of  the  other 
two  is  not  stated. 

Meade  had  one  death  among  38  pneumonias  during  July  and  August. 

Sherman  for  the  same  period  reported  4  deaths  among  66  pneumonias.  The  division 
of  the  deaths  among  the  two   forms  of  the  pneumonia  is  not  given. 

We  may  sum  up  this  scattered  and  scanty  evidence  with  the  statement  that  summer 
pneumonia  was  for  not  far  the  most  part  lobar  in  type  and  relatively  more  fatal  in  character. 

We   can    not   conclude   this   brief    discussion   of   the    spring   and    summer    pneumonias 
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without  quoting  from  a  report  on  the  subject  by  Major  Woolley  of  Camp  Devens.  The 
report  is  for  the  brief  period  from  August  1  to  28  and  discusses  the  causes  of  pneumonia 
among  34.406  white  men  and  3950  negroes.  There  were  20  cases  among  the  white  and 
68  among  the  negroes.  The  white  incidence  amounts  to  an  anuual  rate  per  1000  of  7.5 ; 
that  for  the  blacks  to  226.  One  death  occurred  among  the  negro  cases.  This  case  mortality 
rate  of  less  than  2  per  cent  for  the  entire  group  is  astonishingly  low. 

The  colored  troops  were  mostly  from  Florida.  They  differed  from  the  whites  in 
having  experienced  a  change  of  climate  and  although  this  was  the  warm  season,  the  changes 
from  day  to  day  and  the  change  from  warm  days  to  cool  nights  were  different  from  what 
the  colored  troops  had  been  accustomed  to.  Coupled  with  this  factor  was  the  shortage 
of  bedding.  Each  man  was  furnished  with  a  cotton  comforter  which  was  adequate  for  north- 
ern men,  but  not  sufficient  to  keep  the  southern  man  warm  on  the  cool  nights  of  which 
there   were   man}-. 

The  colored  men  were  worked  harder  than  had  been  their  custom  in  civil  life  and 
carelessness  in  cooling  off  after  severe  physical  exertion  was  another  factor  that  may 
have  lowered  their  resistance. 

Chronic  infections  were  widely  prevalent  among  the  colored  troops.  Of  50  negro 
pneumonia  patients,  25  gave  histories  of  previous  malaria,  31  had  gonorrhea,  11  admitted 
syphilis,  and  hookworm  had  been  actually  demonstrated  in  five.  In  21  cases  two  or 
more  of  these  infections  were  present.  Of  the  white  cases  one  gave  a  malarial  history, 
one  of  gonorrhea,  one  of  lues.  None  had  hookworm.  Ten  of  50  colored  men  had  had 
pneumonia  before.  Four  of  the  white  cases  had  had  pneumonia  previously.  The  pro- 
portion of  previous  pneumonia  was  thus  the  same  in  both.  Both  white  and  colored  men 
lived  in  overcrowded  quarters.  Certain  barracks  intended  for  216  men  were  occupied  by 
over  300  and  in  one  case  by  376. 

In  the  three  respects  listed  above — exposure,  fatigue,  and  constitutional  well-being — 
the  two  races  differed.  It  is  Major  Woolley's  belief  that  entirely  apart  from  the  question  of 
the  prevalence  of  infecting  bacteria,  this  combination  was  responsible  for  raising  the  sick 
rate  among  the  negroes  to  ten  times  the  figure  of  the  whites. 

Further  analysis  of  the  causes  of  pneumonia  will  appear  in  the  discussion  of  in- 
fluenza and  its  complications,  which  is  being  prepared  for  the  volume  on  Co)ii»iit)iicable 
Diseases  to  appear  in  the  Medical  a)id  Sitrfjieal  Hislory  of  the  War. 


TIIK  KOLK  or   rilK  I'A'IIIOLOCIST  IN    IIIK  l'l{.\(   IK  K  OF 

Mi:i)I(;iNK- 

Bv  \\'y\.  C.\uri:.\TKk   MacCaktv,  M.I).,  .and  .\i.i;i-;kt  Com  I'Tij.v   r.KotJKKS,  M.D., 

koCUKSTKK,  Mi.w. 

THK  (k'hniliiin  of  ]>aili()l()<.(y  cU'arly  staU'>  llial  itatliolDj^^y  is  the  science  of  dis- 
ease, its  nature  and  cause.  It  hein.i;-  a  comparati\  ely  recenti}'  developed 
science,  its  iniportanci'  as  a  rdutinc  clinical  diaj^nostic  adjunct  has  only  begun 
to  be  realized.  In  fact  the  pathologist  has  been  generally  thought  of  by  most 
clinicians  as  an  interesting  luxury — a  corrector  or  contirmer  of  diagnoses  after 
the  patient  is  dead.  This  statement  seems  strange  to  pathologists  who  have 
conscientiously  devoted  their  lives  to  training  students  and  investigating  intricate 
problems  of  disease.  Some  i)athologists  undoubtedly  bear  a  close  relation  to  pa- 
tients, but  the  majority  of  pathologists,  throughout  the  world,  for  technical  rea- 
sons, spend  most  of  their  time  apart  from  patients  and  practical  clinicians.  Few 
are  clinical  consultants  who  have  to  do  directly  with  living  patients  and  few 
general  clinicians  consider  them  worthy  of  the  status  of  clinical  consultant. 

In  the  early  history  of  medicine,  clinicians  knew  all  that  was  known  of 
pathologic  conditions  and  processes  simply  because  little  was  known  about  them. 
As  opportunities  for  increased  knowledge  of  disease  arose  as  a  result  of  de- 
tailed postmortem  examinations  and  other  laboratory  procedures  connected  with 
the  studv  of  disease,  some  one  individual  was  kept  busy  dealing  with  the  material 
and  technic  associated  with  such  opportunity.  That  individual  was  known  as  the 
pathologist — the  clinician  dealt  largely  with  histories,  symptoms,  signs  and  treat- 
ment. 

AMiile  these  are  general  facts  concerning  the  functions  of  these  two  important 
members  of  the  medical  profession,  each  is  modifying  his  functional  efficiency; 
the  clinician  is  studving  i)ath()logic  conditions  and  processes  and  the  pathologist 
is  graduallv  but  perha])s  too  .slowly  beginning  to  associate  himself  intimately  with 
the  patient  and  his  clinical  colleagues. 

Scientific  efficiency  can  only  be  olitained  by  one  method;  namely,  that  of 
having  the  clinician  intimately  associate  himself  with  the  work  and  judgment 
of  the  pathologist  without  doing  detailed  laboratory  technic  and  the  pathologist 
associate  himself  with  the  work  and  judgment  of  the  clinician  in  his  study  of  the 
patient  without  doing  routine  technical  procedures  for  which  the  clinician  is 
especially  trained.  Each  of  these  specialists  has  more  than  he  can  do,  but 
together  they  can  readily  do  more  for  the  patient  and  science  than  either  one 
alone.  This  is  cooperative  specialism  which  reveals  itself  in  the  accompanying 
ligures  which  represent  the  part  i^layed  by  a  group  of  clinical  and  research  pa- 
thologists working  intimately  with  a  group  of  clin.icians.  The  statistics  represent 
the  laboratory  reports  made  on  49,083  ])aticnts  registered  during  the  year  1918. 

*Read  before  the  .\meiican  .\ssociation  of  Pathologists  and  r.acteiiologist?.  Tune,  1«19,  and  the 
Southern    ^linnesota    Medical    Association,    June,    1919. 
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I.  Metabolic  rates  determined  2,875 

II.  Gastric  analyses  made  9,560 

III.  Bacteriological  and  serological  examination: 

Sputum  1,989 

Stools                     ^  2,488 

Cultures    (general)  1,510 

Smears   (general)  491    ' 

Vaccines  120 

Wassermanns  21,994 

Blood  grouping  583 

Skin  tests  441 

Special  examinations  1,736 

Stains  for  B.  tuberculosis   (urine)  968 

Positive  tuberculosis   sputum  299 

Total  number  32,619 

IV.  Urine  examinations : 

General  7,981 

Functional  6,891 

24-hour  specimens  47,784 

Ureteral  specimens  3,591 

Special  examinations  .  193 

General  and  functional  2,586 

Total  number  69,026 

V.  Blood  examinations  : 

Complete  cell  counts  2.337 

White  cell  counts  <  939 

Other  tests   (specials)  722 

Hemoglobin   determinations  5,614 

Incomplete  counts  20,573 

Coagulation  and  special  examinations  538 

Total  number  30.723 

VI.   Miscellaneous  examinations  S3 

VII.  Autopsies  530 

VIII.  Electro-cardiographic   record  1,285 

IX.  Fresh  tissue  examinations    diving  patients)  11,147 

Total  number  of  pathologic  reports  157,848 

The  last  tij^ure  (157,<S4Sj  rc'i)resents  the  number  of  laboratory  reports  on 
49,083  patients  and  not  tlic  number  of  lal)orat(iry  examinations,  for  eaeh  involves 
frequently  many  examinations  and  tests. 

The  pathologist's  reports  represented  by  these  tii^iires  have  one  or  more  of 
the  following  values  to  the  patient  and  clinieian  : 

1.  'flicy  confirm  the  diafpiosls  of  ^clticli  flicrr  inii/lit  he  a  rliiiira!  siisf'iclon, 
i.e.,  the  elinician  suspects  that  an  idcer  of  the  V\\)  or  stomaeh  is  mah^nant  and 
the  microscopic  examination  confirms  the  suspicion. 

2.  They  actually  make  the  dlof/nosls  in  whicJi  there  is  no  elinical  dlannostie 
suspicion,  i.e.,  the  clinician  obtains  a  hisl(ir\-  of  a  gastric  lesion,  which,  upon 
exploration  ajipears  to  be  an  extensive  carcinoma  microscopic  examination  re- 
veals the  gastric  lymphatic  glands  inllamm.itory.  The  patient  has  a  negative 
])reoperative  Wassermann  reaction  and  tln'  spciiinc]]  afti-r  the  resection  for  the 
obstructive  mass  reveals  an  inflammatory  condition  whici)  tuiiis  nut  to  be  syph- 
ilitic, confirmed  by  a  positive  postoperative  \\  assermann  reaction.  The  diagnosis 
and  ])rognosis  arc  considerably  altered. 

3.  They  rccor/nice  accessory  patholof/ie  conditions,  i.  e..  the  clinical  diagnosis 
of   myomata   of   ihe   uterus   is    followed   bv    subtotal    In  stcrecloniy   and    a    car- 
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ciiioin.itous  j^iDuili  is  fiiuii'l  in  one  of  tlic  liorii^  of  llic  uteI■ll•^,  or  a  youn^  female 
has  a  laif^c  inainniary  cyst  hut  aftt-r  its  rc-inoval,  a  small  carcinoma  is  fhscovered 
in  the  vicinity  of  the  cyst  hy  the  ])atholoj,'ist.  Such  accessory  fmflin^^  alter  the 
(Icj^MTc  ol  oiKTatnc  intciAcntion  ;inrl  chanj^c  the  i)rognosis. 

4.  They  correct  the  clinical  diof/nosis,  i.  c,  tiic  clinician  makc-^  a  diagnosis 
of,  and  the  surpcon  removes  a  sigmoid  mass  which  the  pathologist  discovers  is 
simply  a  sigmoid  peridiverticulitis  or  excises  an  ulcer  of  the  li|)  for  epithelioma, 
and  it  is  found  to  he  a  syi)hilitic  ulcer  or  starts  to  remove  an  a[>pcndiceal  fistula 
and  the  pathologist,  from  the  secretif)n,  shows  the  presence  of  actinomyces.  The 
last  condition  should  alter  the  surgical  procedure  hecause  the  patient  would 
imdoubtedly  still  have  a  postoperative  fistula. 

5.  They  confirm  the  positive  clinical  dio{/nosis,  i.  e.,  the  clinician  makes  a 
diagnosis  of  syphilis  from  the  presence  of  a  small  scar  on  the  prepuce ;  the  pa- 
tient gives  no  history  of  primary  or  secondar)^  syphilitic  lesions  but  admits  the 
great  possibility  and  the  pathologist  reports  a  positive  W'assermann  or  the  clinician 
diagnoses  an  endocarditis  and  streptococci  are  found  in  the  blood  or  there  is  a 
chronic  inflaininatory  condition  of  the  urinary  bladder  with  pus  in  the  urine  and 
the  clinician  makes  a  diagnosis  of  tuberculosis  from  the  history  and  the  presence 
of  an  old  tuberculous  focus  in  the  lungs — the  pathologist  demonstrates  the  B. 
tuberculosis  in  the  catheterized  ureteral  urinary  specimen,  or  a  patient  has  a 
profuse  hemorrhage  from  the  uterus  after  menopause,  there  being  no  pelvic 
mass ;  a  diagnosis  of  malignancy  is  made  and  the  scrapings  reveal  a  carcinomatous 
polyp. 

6.  They  determine  the  decree  of  the  process  of  disease,  i.  e.,  the  surgeon 
makes  a  gross  diagnosis  of  carcinoma  of  the  stomach  and  finds  a  nodule  in  the 
liver  which  he  thinks  is  a  metastasis,  in  which  case  he  probably  would  not  resect 
the  stomach  but  the  sections  from  the  nodule  reveal  an  inflammator}-  condition 
wdiich  may  or  may  not  surround  a  gallstone  which  had  become  ulcerated  into 
the  liver  substance.  The  degree  or  extent  of  the  disease  is  determined  and 
the  surgeon  is  led  to  resect  a  portion  of  the  stomach. 

A  patient  has  a  pathologic  kidney  and  the  degree  of  function  is  determined 
b}-  the  phenolphthalein  and  blood-urea  tests. 

7.  They  determine  the  physical  statns  of  the  patient  preparatory  to  possible 
operation,  i.  e.,  a  patient  receives  a  diagnosis  of  "exophthalmic  goiter"  or  hyper- 
thyroidism. The  metabolic  rate  is  greatly  above  normal  which  indicates  a  poor 
surgical  risk  or  it  is  slightly  aboxe  normal  and  indicates  a  good  surgical  risk. 

8.  They  help  to  determine  the  extent  of  the  operation,  i.  e..  a  young  woman 
presents  herself  with  a  nodule  in  the  breast;  it  is  locally  removed  (never  incised) 
and  submitted  to  microscopic  examination.  The  extent  of  the  operation  neces- 
sarily depends  upon  the  report.  A  young  patient  has  prolonged  irregular  uterine 
hemorrhage  for  which  a  reliable  surgeon  or  clinician  would  hesitate  to  advise 
a  hysterectomy.  The  uterus  is  curetted  and  the  diagnosis  of  carcinoma  is  made, 
followed  by  hysterectomy. 

9.  The\'  give  data  for  the  preoperative,  operative,  and  posthospital  prognosis, 
i.e.,  a  patient  has  a  slowlv  developing  enlargement  of  the  tibia:  there  is  an  en- 
larged Ivmphatic  gland  in  the  groin.  Repeated  Wasserman  tests  are  negative. 
The  examination  of  the  gland  is  of  prognostic  value. 
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A  patient  needs  an  operation  for  removal  of  gallstones,  bladder  stones, 
ureteral  stones,  hypertrophy  of  the  prostate,  or  carcinoma  of  the  uterus,  but  the 
examination  of  the  blood  reveals  a  low  hemoglobin  and  the  renal  functional  test 
reveals  marked  anemia  and  reiial  insufficiency.  The  prognosis  is  somewhat  de- 
pendent upon  these  findings. 

10.  They  determine  the  cause  of  death  in  nouoperatiir  and  operative  cases, 
i.  e.,  in  medical  or  operative  cases  not  previously  diagnosed  the  autopsy  frequently 
clears  up  the  diagnosis. 

11.  They  determine  the  cause  of  death  due  to  false  operative  judgment,  i.e., 
patients  are  sometimes  advised  to  have  operations  and  die  because  of  the  presence 
of  other  ])athologic  conditions  which  are  recognized  only  at  autopsy.  Operative 
procedures  sometimes  lead  surgeons  to  work  with  tissues,  the  vitality  of  which 
or  the  character  of  which  is  such  that  they  will  not  survive  such  treatment.  This 
has  been  seen  rarely  in  resections  in  which  the  tissues  were  so  disturbed  bv 
anemia,  inflammatory  reactions  or  carcinoma  that  sutures  did  not  functionate. 
The  cause  of  the  subsequent  peritonitis  is  re\ealed  at  autopsv. 

12.  Tlicy  determi)ie  faulty  operative  technical  causes  of  death,  i.  e.,  unin- 
tentional ligation  of  ureters  or  ligation  of  necessary  intestinal  blood  vessels  or 
improperly  placed  intestinal  anastomoses  causing  death  are  revealed  at  autopsy. 

13.  They  assist  in  dctcrniining  causes  and  methods  of  surgical  infection, 
i.  e.,  routine  bacteriologic  examinations  of  operati\e  wounds,  operatix e  materials. 
contents  of  operated  organs  or  tissues  lead  to  a  better  control  o\  er  possible 
infections. 

14.  They  assist  in  clinical,  surgical,  and  lahoratory  research. 

These  simple  examples  are  but  a  few  of  many  instances  of  the  relationship 
of  laboratory  procedures  and  judgment  to  efficiency  in  the  practice  of  medicine. 
In  this  series  each  patient  averaged  4.2  laboratory  reports  each  of  which  rep- 
resents usually  many  examinations.  Of  these  rejiorts  45  per  cent  were  of  neces- 
sity microscopic  examinations.  The  figures  represent  the  relationship  of  the 
pathologist  to  general  patient^  and  may  be  supplemented  by  tlu-  following  figures 
illustrative  of  the  re1ation^hi|i  of  tissue  patholoi4\  aloni'.  to  diagnt»sis  and  surgical 
r)[)erations. 

Of  the  49,CS3  registered  patients.  22.7  per  ctiit  produced  Hi;ignostic  and 
surgical  tissue  specimens  for  cxaiuinatioii  .mkI  .V.^  jn-r  cent  (»f  all  jLitients  h.id 
specimens  of  tissues  rcmovcfl  solely  for  diagno>iic  ])urposes.  Oi  tin-  l.iltcr.  S.> 
per  rent  were  of  necessity  microscc)|)ic  diagnose^. 

Tn  the  series  rif  npcialive  p;iti(nl>^  during  the  s.-mu"  pcriixl  there  were  11.14'> 
tissue  reports  made,  1<».7  per  cent  of  which  weic  •)!  neeessity  mirroscopie  ex.nni- 
nation^.  This  figure  \aries  from  \>  per  cent  to  30  per  cent  in  dilVerent  series 
which  ha\c  been  stiidicd  from  v<'ar  to  year.  (  )i  the  last  14.1')"  operalixe  cases 
which  i)ro(hiced  (issue  specimens  {(A  j)er  cent  of  all  operati\e  cases)  20  per 
rent  required  a  necessary  microscf)i)ic  diagnosis  .-iltbough  .ill  specimens  were  ex- 
amined niicroscojiirallv  roulinelv. 

In  conclusiftn  it  should  be  si.itcd  that  the  si.itistics  which  ha\c  been  briefly 
jiresented  here  shoiild  be  suffit  ietil  to  show  the  m<-dical  profession  that  laboratory 
methods  whi(  h  were  formerly  c«>nsi(|ered  princip.ilh  of  postmortem  and  rese;uch 
interest  have  become  an  essenti.il  p.iil   of  cIVk  ieiit   io»itine  practice  of  meiliein<*. 


ENCEPHALITIS  LETFIARGICA 

Uy  C.  M.  vStai-i-oki),  A.m.,  M.I).,  Dktkijit,  Mich. 


TN  'J^HE  April  issue  of  tliis  Joukxai.  Vaughan  f(i\es  a  most  tlionnigh  synopsis 
-*•  of  what  has  recently  appeared  in  current  medical  literature  concerning  a  new 
syndrome  known  l)y  the  name  of  "encephalitis  lethargica." 

This  ]»eculiar  and  apparent])-  ratln'r  rare  disease,  according  to  the  ob>erva- 
tions  of  practically  every  one  who  has  come  in  contact  with  it,  is  characterized 
by  apathy  and  drowsiness,  sometimes  amounting  to  real  coma,  as  its  main  fea- 
tures. Other  sym])toms  \ary  in  different  cases  and  include  palsies  of  the  third 
pair  of  cranial  nerves,  meningismus,  general  bodily  rigidity,  urinary  retention, 
cyanosis,  restlessness,  delusions  and  hallucinations,  accompanied  by  mild   fever. 

The  mortality  seems  to  be  about  50  per  cent.  Postmortem,  the  findings  are 
quite  t}-pical.  Macroscopically,  there  is  congestion  of  the  meninges  and  scattered 
hemorrhages  in  both  white  and  gray  matter.  Microscopically,  there  is  found  a 
small-celled  infiltration,  especially  marked  abcnit  the  blood  vessels  and  occurring 
most  numerously  in  the  medulla,  pons,  and  basal  nuclei. 

The  etiolog}-^  of  the  condition  has  not  yet  been  definitely  established.  From 
its  incidence  on  the  heels  of  the  recent  pandemic  of  influenza,  many  have  thought 
it  to  be  a  peculiar  manifestation  of  this  waning  infection.  B}'  others  it  has  been 
variously  ascribed  to  a  lowered  resistance  following  a  previous  attack  of  in- 
fluenza or  as  a  manifestation  of  botulism.  In  favor  of  its  influenzal  relationship 
may  be  cited  its  occurrence  in  its  present  epidemic  form  just  after  we  have  gone 
through  a  world-wide  epidemic  of  influenza.  In  supj)ort  of  this  theory  also  are 
the  reported  epidemics  of  the  symptomatically  similar  diseases  known  as  '"Xono," 
occurring  in  the  s])ring  of  1890  in  Northern  Italy  and  Hungary  and  here  and 
there  throughout  Europe,  and  the  "Tubingen  sleeping  sickness"  of  1712,  both  of 
which  followed  pandemics  of  influenza,  and  the  fact  that  many  patients  have 
given  a  history  of  recently  having  had  influenza.  Against  its  direct  connection 
with  influenza,  however,  it  may  be  said  that  many  of  the  persons  aff'ected  by 
this  lethargic  disease  give  no  history  of  having  had  influenza. 

Blood  counts  do  not  reveal  a  disturbance  of  the  normal  cellular  relation- 
ships either  as  to  numbers  or  morphology.  The  urine  is  negative.  The  blood 
\\^assermann  is  likewise  negative.  The  spinal  fluid  findings,  however,  have  been 
rather  constant.  The  fluid  very  uniformly  is  found  to  be  under  increased  pres- 
sure and  escapes  from  the  cannula  in  a  jet  or  with  rapid  dropping.  Examined 
by  the  Wassermann  reaction  it  is  found  to  be  negative.  The  globulin  is  in- 
creased as  are  also  the  cells,  the  latter  averaging  from  10  to  100  per  cu.  mm.  and 
are  of  the  lymphocytic  tyi)e. 

That  the  condition  is  due  to  a  definite  infection  of  some  kind  or  other  would 
seem  most  probable.  In  January,  1019,  the  London  Board  of  Health  made  this 
disease  reportable  in  the  1)elief  that  it  is  infectious  in  character.  Indeed,  von 
Economo,  who  by  his  monograph  has  given  the  subject  more  thorough  study 
than  any  other,  states  that  the  virus  is  nonfilterable  through  Berkefeld  filters, 


692  THE    JOURXAI.    OF    LABORATORY    AXD    CLINICAL    MEDICINE 

differing  in  this  respect  from  that  of  poliomyeHtis.  He  states  also  that  the  dis- 
ease can  be  transferred  to  apes,  and  von  \\'iesen  succeeded  in  isolating  a  diplo- 
streptococcus  from  such  an  infected  ape  which  he  believes  to  be  the  cause  of  the 
disease.  So  far  as  I  have  been,  able  to  ascertain,  however,  this  organism  has  not 
been  isolated  directly  from  the  htmian. 

On  March  23,  last,  I  was  called  to  see  my  first  case  of  this  kind.  The  patient, 
a  man  36  years  of  age,  a  German  by  birth,  and  a  mechanic  by  occupation,  mar- 
ried, and  the  father  of  four  children,  had  taken  to  his  bed  ten  days  previously.  The 
wife  furnished  me  with  quite  a  complete  history  which  he  himself  corroborated. 
Up  to  the  present  time,  aside  from  "colds,"  he  had  never  had  any  illness  to  speak 
of  since  childhood.  He  had  not  had  influenza,  neither  had  any  one  in  the  house- 
hold had  it. 

On  March  13,  following  several  days  of  malaise,  he  had  taken  to  his  bed  be- 
cause of  the  increasing  languor.  On  March  15,  he  began  to  complain  of  pain 
over  the  region  of  the  left  frontal  sinus,  from  whence  it  radiated  over  his  scalp. 
On  the  17th,  the  pain  in  the  head  still  continued,  but  he  also  began  to  have  severe 
pain  in  the  left  arm  and  over  the  manubrium.  On  the  20th,  the  pain  had  ex- 
tended into  the  right  arm  also. 

I  had  been  called  on  the  evening  of  the  23d.  My  entry  into  the  room  was 
tmobserved  by  the  patient  who  lay  sleeping  with  occasional  paroxysmal  twitch- 
ings  of  the  hands,  fingers,  and  arms.  His  breathing  was  quiet  save  when  inter- 
rupted by  some  quiet,  incoherent  exclamation.  His  wife  staled  that  he  had  been 
talking  in  this  way  for  the  past  two  days.  His  general  appearance  was  that  of  a 
not-very-robust  man.  The  skin,  lips,  and  finger  nails  were  slightly  cyanotic. 
The  patient  roused  from  his  letharg}-  upon  being  shaken  and  spoken  to  rather 
loudly.  He  immediately  began  to  complain  of  intense  pains  in  both  arms  and  in 
liis  chest  and  stated  that  he  could  not  sleep.  No  sooner  were  the  words  out  of 
his  mouth,  however,  then  he  lapsed  into  sleep  again.  Evidently,  the  pains  were 
not  sufficient  to  keep  him  from  sleeping,  although  lie  jirotested  that  he  could  not 
stand  the  jiain  and  could  get  no  sleep.  Examination  showed  a  regular  pulse  of 
good  volume  with  a  rate  of  SO.  'I'he  temperature  was  100*^  by  mouth.  Tlio  pu- 
pils were  somewhat  miotic,  regular,  and  sluggish,  init  responded  to  light  and  ac- 
commodation. There  were  no  ocular  palsies  or  rigidity  ot  the  neck  or  extrem- 
ities.    Kernig's  sign  waN  negative.     Cutaneous  and  deep  reflexes  were  sluggisli. 

On  March  25,  1  had  him  rcmo\  ed  to  St.  Mary's  Hospital  for  observation. 
There  the  sonuiolence  continual,  aUli<mgli  on  aioiising  him  he  always  complained 
of  ])aiii  and  plead  for  something  to  reliexr  him  and  make  him  sKh-]).  ( ^n  March 
25,  in  the  evening  the  temperatme  was  *>*>.4  ,  i)ulse  7<).  On  the  2'>tli.  in  the  morn- 
ing it  was  100.2  .  pulse  S2  ;  in  the  cveTiing.  ')S.2'\  pulse  70.  During  tin-  next  Uxc 
or  six  days  the  trin|iciatnic  d-cillated  from  noiinal  ti)  100  .  but  \\a->  irregular  in 
type,  sometimes  up  in  tiie  morning  and  down  at  ni^lit  and  \ice  \ersa.  .\lter 
this  time  the  temperature  remained  normal. 

l^xaminatioii  ot'  the  urine  was  negative.  A  lilood  io\mt  made  April  1 
showed  erythrocytes  '1.1()0,(K)0;  whites  S.OOO.  Diflerential  white  count  showed 
])olymorphonuclears  fiO  per  cent,  small  mononuclears  21  per  cent.  large  nionomi- 
dears  14  per  cent,  and  eosinophiles  5  per  cent:  lunii>gli'|iin  "0  ])er  cent;  color 
index  />.     A  \\'asNennann  ot'  the  Moo<l.  taken   March  31,  L;,i\e  an  0(H)  re.iction. 
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On  AjM-il  4,  a  spinal  ])nncturt'  was  niailc  The  fluid  was  under  increased 
tension,  runnint:;^  very  freel\-  from  tlu-  eannula  insU-ad  fjf  dropping  as  in  the  usual 
case.  'iMic  fluid  was  clear  with  a  iiuniher  of  small  whitish  flocculi.  A  Wasser- 
mann  of  the  si)inal  fluid  was  negative;  cell  count  60  per  cubic  millimeter  and  of 
the  lymphocytic  ty]K'  with  increased  globulin  by  the  Ross-Jones  and  Pandy  meth- 
ods. With  the  esca[)c  of  the  first  15  c.c.  oi  s])inal  fluid,  the  patient  moved  his 
head  and  said  that  the  pain  in  his  chest  and  arms  had  disappeared.  Twenty  cubic 
centimeters  of  spinal  fluid  were  removed.  The  somnolence  was  also  improved  by 
the  puncture,  but  both  pain  and  somnolence  had  regained  their  former  status 
within  48  hours.  On  A])ril  7,  a  second  si)inal  puncture  was  made  with  similar 
results,  namely,  relief  of  pain,  the  spinal  fluid  under  pressure,  and  similar  cyto- 
logic and  globulin  findings.  April  15,  a  third  spinal  puncture  was  made  and  on 
this  occasion  the  fluid  was  found  to  be  under  axerage  normal  pressure  and  of 
normal  macroscopic  appearance.  A  cell  count  and  globulin  estimation  showed 
no  increase  and  on  April  19  the  patient  was  able  to  leave  the  hospital,  although 
still  complaining  of  some  pain  in  the  chest  and  arms  and  of  great  weakness. 

The  highly  interesting  point  in  relation  to  this  case  is  in  regard  to  the  bac- 
teriologic  findings  of  the  specimens  of  spinal  fluid.  A  smear  of  the  centrifugal- 
ized  sediment  of  the  first  puncture  showed,  in  addition  to  lymphocytes,  a  number 
of  rather  large  diplococci.  Cultures  were  made  on  ascitic  agar,  Loeffler's  media, 
blood  agar,  and  in  ascitic  broth,  but  with  negative  results.  So  much  time  was 
lost  in  making  these  cultures  that  we  felt  the  organism  observed  had  probably 
been  lost.  The  fluid  from  the  second  spinal  puncture  also  showed,  under  the 
microscope,  this  same  diplococcus,  but  cultural  attempts  in  these  same  aforemen- 
tioned media  were  likewise  negative.  In  an  endeavor  to  secure  a  culture  at  any 
cost,  both  the  first  and  second  specimens  of  spinal  fluid  were  placed  in  the  m- 
cubator  overnight  at  37.5°  C. 

The  following  morning  numerous  minute  flocculi  were  observed  through- 
out both  tubes.  They  were  placed  in  the  centrifuge  and  thrown  down.  By  in- 
oculating ascitic  agar  slants  with  this  centrifugalized  sediment  a  sparse  growth 
was  obtained,  which  increased  as  it  was  repeatedly  transplanted.  The  organism 
grows  rather  poorly  on  plain  agar.  The  colonies  on  this  media  resemble  strepto- 
coccus colonies,  except  that  they  are  more  delicate  and  slightly  smaller. 

The  organism  is  a  Gram-positive  diplococcus,  frequently  occurring  in  short 
chains  of  three  or  four  loosely-joined  cocci.  It  stains,  but  rather  poorly,  with 
all  common  laboratory  dyes,  some  organisms  being  deeply  stained  and  others 
lightly.  It  produces  no  capsule.  In  smears  from  48-hour  cultures,  it  was  ob- 
served that  the  chains  show  a  tendency  to  divide  longitudinally,  i.  e..  a  distinct 
and  continuous  cleavage  can  be  noted,  extending  throughout  the  length  of  the 
short  chain  of  cocci.  This  probably  accounts  for  the  clusters  of  organisms,  re- 
sembling staphylococci,  which  are  commonly  encountered  in  smears  irom  older 
cultures. 

Growth  on  blood  agar  plates  did  not  produce  any  hemolized  areas  or  green- 
ish zones.  The  inoculation  of  a  guinea  pig  intracardially  with  one-half  the 
growth  on  an  ascitic  agar  slant  failed  to  produce  any  ill  efi:'ects.  A  rabbit,  in- 
oculated intravenously  with  two  large  doses,  7  days  apart,  the  first  consisting 
of  the  growth  of  one  ascitic  agar  slant  suspended  in  saline  solution  and  the  sec- 
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end  the  suspended  growth  of  three  agar  slants,  apparently  developed  no  illness, 
but  the  presence  of  agglutinins  was  demonstrated.  Another  rabbit  inoculated 
intraspinally  with  the  growth  from  an  ascitic  agar  tube  suspended  in  salt  solution 
showed  no  ill  effects. 

The  following  results  were  obtained  from  24  hours  of  growth  on  the  media 
tabulated : 

Medium  Acid  Gas 

Litmus  Milk  Xo  No 

Xutrose  Broth  No  No 

Saccharose  Broth  Yes  No 

Levulose   Broth  Yes  No 

Mannite  Broth  No  No 

Lactose  Broth  No  No 

(jlucose   Broth  Yes  No 

Iimlin   Broth  No  No 

The  growth  on  ascitic  agar  is  slightl}'  hcaxier  than  the  ordinary  streptococcus 
growth  and  somewhat  whiter.  The  culture  is  being  kept  alive  by  frequent  trans- 
plantations and  with  repeated  transjilantation  has  become  heavier,  so  that  macro- 
scopically  it  now  no  longer  Uxjks  like  a  streptococcus  growth,  nor  is  it  so  heavy  as 
a  staphylococcus  growth.     Under  the  microscope  its  morphology  has  not  changed. 

W'c  liave  not  yet  determined  its  pathogenicity  for  a]>es.  but  hope  to  determine 
this  point  in  the  near  futtu-e.  Pending  this  determination  we  can  only  state 
that  in  two  successive  withdrawals  of  si)inal  tkiid  from  this  case  ot  ci>idcmic 
encephalitis,  a  dipl(j-streptocf)Ccus  was  isolated  in  pure  culture. 


LABORATORY  METHODS 


SOME  NEW  APPARATUS    A  COMBINATION  TAMliOL'K  AW)  MKM 
BRANE  MANOMETER  AND  A  MODIFIED  SPRING  MANOMETER- 


Bv  D.  E.  Tacksox.  Ph.D.,  M.D.,  Ci.\cinx.\ti,  Ohio. 


IN  1891  Hiirthle'  described  a  membrane  manometer  of  which  various  modi- 
fications have  since  been  made.  The  combinati(jn  here  described  is  de- 
signed to  save  expense,  and  at  the  same  time  to  furnish  a  membrane  manometer 
of  great  sensitivity,  and  with  a  wide  range  of  adjustments.  This  is  accomplished 
by  using  one  base  stock  with  removable  bowls  for  both  tambour  and  manometer. 
In  Fig.  1  the  insti-ument  is  shown  complete  as  used  for  recording  blood  pressure. 
The  manometer  bowl  can  be  adjusted  back  and  forth  to  change  the  magnifica- 
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Fig.   1. — Combination   tambour  and   membrane   manometer    (arranged   as  a   manometer^. 


Fig.   2. — E>;tra  bowl   to  be   substituted   when   the   instrument   is   used   as  a  tambour. 

tion  of  the  tracing,  or  the  bow!  can  be  removed  from  the  base  stock  entirely 
and  a  special  tambour  bowl  (Fig.  2)  can  be  .-substituted  in  its  place,  thereby 
forming  a  complete  tambour.  Three  different  sizes  of  tambour  bowls  are  pro- 
vided so  that  the  instrument  can  cover  a  very  wide  range  of  work.  The  rubber 
membrane  of  the  manometer  bowl  is  held  in  [)lace  by  a  thick  metal  plate  which 
is  attached  to  the  bowl  by  two  small  screw  s.  When  these  screws  are  removed 
the  plate  can  be  lifted  up  and  a  new  membrane  inserted.  A  large  circular  open- 
ing cut  in  the  center  of  the  plate  permits  the  lower  surface  of  a  small  circular 
disc  to  rest  on  the  the  rubber  membrane.  Attached  to  this  disc  is  the  special 
lever  mechanism  which  transmits  the  impulses  reaching  the  interior  of  the  bowl 
to  the  writing  lever.  The  mechanism  to  which  the  writing  lever  is  hinged  can 
also  be  readily  adjusted  in  two  directions,  back  and  forth  and  up  and  down. 

*From  the   Department  of   Pharmacology   of  the   University   of   Cincinnati    Medical   College,   Cincinnati, 
Ohio. 


696 


THE    JOURNAL   OF    LABORATORY   AND   CLINICAL    MEDICINE; 


A  further  very  serviceable  feature  which  the  instrument  possesses  is  in- 
volved in  the  manner  of  the  attachment  of  the  supporting  rod  to  the  base  stock. 
The  end  of  the  supporting  rod  is  turned  upward  at  an  angle  of  ninety  degrees 
at  the  point  of  its  insertion  into  a  one-fourth  inch  hole  passing  perpendicularly 
through  the  base  stock.  A  set  screw  (not  seen  in  the  figure)  firmly  clamps  the 
tambour  on  the  supporting  rod.  Thus  the  tambour  may  be  rotated  to  any  de- 
sired angle  in  a  horizontal  plane.  This  is  frequently  a  great  convenience  when 
one  desires  to  arrange  a  number  of  instruments  to  write  simultaneously  on  a 
drum. 


I'ig.   3. — TratiiiK  nia<l 


iiiically   to  >lin\v   tile  cnMi|iaiativc  aclinii   of   llu-   nicnil)r.iiu'   inaiiniiuliT  and    a 
mcrcurv  manometer. 


I'ig.  3  shows  a  tracing  in  which  the  ujipcr  ])ressure  cur\c  was  made  by  the 
mnnbraue  manometer,  while  tlie  lnwer  pressure  record  was  made  synchronously 
willi  a  mcrciir\'  nianoiiuier.  both  instruments  being  directly  connected  together 
by  rubber  tubing.  In  this  manner  the  membrane  manometer  can  easily  l)e  cali- 
brated. The  curves  here  shown  wrrc  made  b\  nuHlianically  \arying  llie  pre^^ure 
by  hand  simultaneously  in  the  twn  manometers. 

I'ick-  described  a  sjiecial  form  ol'  spring  manometer  in  1S()1.  The  instru- 
ment shown  in  I'ig.  4  is  considerably  modiruMl  from  the  original  I'ick  design, 
and  is  also  simpler  in  eon^tnution.  This  in-^trtnnent  i^  made  of  brass  and  the 
parts  are  soldered  l(i,t;ellier.     C'iinve<|nenlly  nicreury  nni^t  not  be  allowed  to  come 
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into  contiut  wiili  ilic  ni;m<iiiK-tcr  a>  llu-  formation  of  the  nu-rcury  anialjjam  wonlfl 
(Ic-slroy  tlu-  inslriiniciit.  And  it  is  alsf)  dcsirahlc  not  to  allow  strong  solutions 
ot  >()(Iiiiin  liir.itc  or  Mil])li;itc  to  stand  for  lonj,'  pc-rirxls  in  the  instrnment  as  these 

sail   solution^   lend    to   slowlv  dccoinixisc  the  solder. 


"From  pressure 
bottle 


Hodow 

l""ifr.    4. — MfHlilici]    Fick   spring   inariomett 


I'lg-   -^- — Tracing   mmii-   niciluitm-ally    tn   slmu    ilu-   conijiaiative   action    oi    tiie   >;|inng   niaii"r.ietcr    ami   a 

inetcury   manometer. 

At  the  rear  of  the  instrument  is  a  T-tube.  the  straight  side  of  which  stands 
perpendicularly.  The  up])er  end  of  this  tube  connects  with  the  pressure  bottle, 
while  the  lower  end  attaches  to  a  tube  leading  to  the  artery.  The  side  arm  of 
the  T-tube  passes  through  the  instrument  into  a  hollow  cylinder  attached  to  the 
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front  side  of  the  manometer.  From  this  cyHnder  a  large,  flattened,  curved, 
hollow  spring  made  of  very  thin  brass  passes  circularly  around  the  lower  part 
of  the  instrument.  At  the  opposite  end  of  the  spring  is  attached  a  second  smaller 
hollow  cylinder  from  which  a  washout  tube  extends.  The  purpose  of  this  wash- 
out tube  is  to  allow  the  antfcoagulating  solution  to  be  passed  through  the  in- 
strument and  thus  displace  the  air  before  connecting  the  manometer  to  the  ar- 
tery.    A  small  rubber  stopper  is  used  to  close  the  end  of  the  washout  tube. 

The  magnification  by  the  writing  lever  can  be  controlled  by  shifting  up  and 
down  the  end  of  the  block  to  which  the  lever  is  hinged.  This  is  accomplished 
through  the  action  of  a  set  screw  (not  seen  in  the  figure)  which  passes  through 
the  instrument  from  the  rear.  The  manometer  can  be  rotated  to  any  desired 
angle  in  a  horizontal  plane  by  means  of  the  special  method  of  attaching  the  sup- 
porting rod. 

Fig.  5  shows  a  tracing  taken  simultaneou'^ly  with  the  spring  manometer 
(lower  curve)  and  a  mercury  manometer  (upper  curve),  both  instruments  be- 
ing directly  connected  together  b\-  means  of  rubber  tubing  filled  with  salt  solu- 
tion. The  tracings  were  made  by  mechanically  varying  the  pressure  in  the 
two  manometers  by  hand.  In  this  manner  the  spring  maiiometer  can  easily  lie 
calibrated. 

These  instruments  can  be  obtained  from  the  Max  W'ochcr  &  Son  Co.,  of 
Cincinnati,  Ohio. 
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expp:riences  in  the  purchase  of  basic  fuchsin^= 


]»v  I'\  I,.  .MiiKLE  AND  M.  P>.  SiiKuwoon,  \'i;\\  11  \\i;n.  Conn. 

E.\l'l''J\IIv\ClCS    encountered    by    this    laboratory    in    pur^■ha-^ing    ba->ie    fueh- 
sin  are  here  recorded  in  an  efVort   to  learn  whether  -«iniilar  ditlicultit"'^  ha\e 
been  eiicountered  by  workers  in  otiier  lal)oratorie>. 

In  March,  PMX,  one  hundred  grams  of  basic  fuchsin  \\«ie  i>urcha>-eil  Ironi 
a  well  known  chemical  su|)i>ly  liousi-  for  usi-  in  the  preparation  ot  /iclil  \eiN»Mi 
carbol-fuchsin  staining  solution  lor  denionslraling  tubercle  bacilli  in  spvuum. 
!•  loni  this  stain  a  carbol-fustliin  solution  was  prepared  which  ap)toare(l  to  be 
ot  proper  concentration  and  which  stained  well.  llo\\e\er.  on  standing  o\er 
night  a  heavy  precipitate  settled  out.  leaving  a  thin,  red,  supi-rnatant  liipiid  en 
lirely  unsatisfactory  for  staining  tubercle  bacilli.  Ki-pealetl  atttinpis  to  pie- 
pare  solutions  I  loin  this  inchsin  gave  simil;ii-  results  and  the  si.iin  was  returned 
to  the  supply  house.  The)  found,  niion  testing  it,  th.it  the  amount  of  "salt" 
usf<|   in   the  process  of  manufacture  was  "beyotKl   comprehensi<in."     (  )ne  huti- 
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dred  grams  of  basic  fuchsin  crystals  were  furnislied  in  replacement.     This  crys- 
talline fuchsin  precipitated  from  solutions  much  as  the  first  had  done. 

An  order  was  placed  with  another  firm  for  two  hundred  grams  of  basic 
fuchsin  which   they  guaranteed  in  the   following  terms: 

''These  are  not  Grubler's  stains,  although  they  are  of  imported 
stock.  These  stains  were  imported  from  Germany  some  time  ago  in 
Ixilk,  and  came  from  the  same  source  of  supply  as  the  Grubler  stains. 

"W'e  will  guarantee  the  results  produced  to  be  equal  to  the  Grub- 
ler, or  otherwise  the  stain  may  be  returned  for  credit.  \\'e  have  al- 
ready supplied  a  large  quantity  of  this  stain  to  a  number  of  labora- 
tories and  the  reports  received  are  very  favorable." 

This  stain  was  similar  in  appearance  to  the  last  lot  purchased  from  the 
other  firm  and  was  contained  in  jars  of  the  same  tyi^e  with  identical  labels. 
The  company  selling  this  stain  had  pasted  a  label  with  their  name  and  address 
over  the  portion  of  the  label  where  the  name  of  the  other  firm  had  appeared. 

These  last  two  lots  of  fuchsin  were  mixtures  of  a  powdered  stain  with 
coarser  crystals.  It  was  noticed  that  the  crystals  were  not  readily  soluble  m 
alcohol.  The  product  secured  from  the  first  supply  house  was  then  sifted 
through  ordinary  sand  sieves  and  sixty  per  cent  (crystals)  was  caught  on  the 
twenty-mesh  sieve,  five  per  cent  was  retained  on  the  forty-mesh,  and  the  bal- 
ance passed  the  forty-mesh.  The  stain  from  the  other  firm  gave  a  similar  result. 
Fifty-one  per  cent  (crystals)  failed  to  pass  the  twenty-mesh  sieve,  five  per  cent 
was  retained  on  the  forty-mesh,  and  the  balance  passed  this  sieve.  The  crystals 
retained  on  the  forty-mesh  sieve  were  somewhat  soluble  in  water  but  prac- 
tically insoluble  in  alcohol.  Washed  free  from  a  coating  of  the  fine  powdered 
stain,  they  proved  to  be  white.  A  solution  of  them,  when  inverted  with  hydro- 
chloric acid,  reduced  Fehling's  solution.  The  polariscope  showed  that  they 
were  crystals  of  sucrose.  The  powdered  stain  passing  the  forty-mesh  sieve 
appeared  to  be  basic  fuchsin  and  was  satisfactory  for  staining  the  tubercle 
bacillus. 

The  above  results  were  reported  to  both  firms  and  they  have  given  credit 
for  the  stains.  One  of  the  firms  stated  that  this  product  had  been  obtained 
from  a  manufacturer  at  various  times  over  a  period  of  many  months.  The 
original  had  been  found  by  test  to  be  thoroughly  reliable  and  apparently  an 
unsatisfactorv  stain  had  been  substituted  later  bv  the  manufacturer. 


A  METHOD  FOR  MAKING  GLASS  ARTERIAL  CANNULAS* 


By    Johx.  a.   HiGGixs,   Chicago,   Ihh. 


A  PROBLEM,  which  no  doubt  is  of  much  concern  to  the  laboratory  re- 
search worker  as  weh  as  the  pharmacology  or  physiology  instructors,  is  to  be 
able  to  keep  on  hand,  or  construct  at  will,  an  adequate  supply  of  glass  arterial 
cannulas  of  various  sized  arterial  openings.  Heretofore  this  problem  has  been 
looked  upon  as  a  rather  technical  matter  and  difficulties  have  been  experienced  in 
locating,  either  directly  or  indirectly  through  an  apparatus  supply  house,  a 
skilled  glass  blower. 

The  comparative  ease  experienced,  especially  at  the  hands  of  students,  in 
breaking  off  the  arterial  section  of  the  cannulas  only  adds  to  the  supply  prob- 
lem.    This  inconvenience  experienced  of  having  glass  arterial  cannulas  broken 


iMK.  -t. 


I'ig.   3. 


n\]  at  the  arterial  opening,  can,  of  course,  be  overcome  by  constructing;  cannulas 
lr(jm  brass  material.  The  brass  constructed  cannulas,  howe\cr,  do  not  always 
appeal  to  the  laboratory  workers  as  a  substitute   for  the  glass  arterial   caniuila. 

While  the  glass  cannula  may  >ecm  ralln'i-  dirrunh  for  the  average  person  to 
make,  it  is  possible  to  make  suitable  arterial  caiuuilas  fitim  glass  T-tubes.  The 
most  suitable  are  ])erhaps  made  from  T-tubes  measuring  3  by  <>  itiches  long  and 
with   a   ]\    inch,   inside  diameter,  ojK'ning. 

The  -lioit,  or  .^inch  section  of  the  T-tvibe  is  rotated  with  the  right  tinnnb 
;iiid  linger^  in  a  rrlati\i'ly  low  blast  Hame.  about  two  inches  from  the  opened 
cud.  \\  lu'U  the  glass  tubing  shows  signs  of  softening,  at  the  heated  section, 
then  grasp  one  end  of  the  long,  oi'  six-inch,  section  of  the  T-tube  (see  Fig.  1) 
with  the  left  hand  and  gently  ])ull  apart  with  both  hands  leaving  a  sort  of  groove 
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as  shown  ai  .*/  Figs.  2  and  3.  Some  workers  do  not  consider  sucli  grooves  in  a 
cannida  essential,  while  others  utihze  them  U)  tie  on  ruhher  tubing  and  thus 
eliminate  connections  being  separated  while  under  arterial  pressure.  A  filed 
line  is  now  made  around  the  short  length  of  the  T-tube,  about  1^  inches  from 
the  opened  end.  Break  off  the  excess  tubing  at  this  point.  A  second  groove 
it  made  on  one  side  of  the  side  outlet  junction  as  shown  in  Fig.  2.  The  excess 
tubing  need  not  be  eliminated  from  this  section  of  the  cannula  as  yet.  On  the 
ungrooved  section  of  the  T-tube,  and  close  to  the  point  where  the  tubes  are  con- 
nected, gently  heat  and  draw  the  glass  in  the  same  fashion  as  for  making 
straight  cannulas,  the  opening  of  this  arterial  end  of  the  cannula,  depending  on 
the  length  at  which  the  heated  tube  is  drawn  out. 

Shoulders  are  now  placed  on  the  smaller  ends  of  the  drawn  tubes,  as 
shown  in  Fig.  3,  using  a  small  needle-like  flame.  Fig.  3  shows  the  possibility  of 
getting  a  straight,  as  well  as  an  arterial,  cannula  from  the  same  T-tube.  The 
cannulas  are  now  separated  by  filed  marks,  at  points  B  Fig.  3,  also  excess  tube 
ends  are  now  marked  with  a  file  and  broken  off.  The  angles  of  the  small  open- 
ing of  the  cannulas  are  determined,  on  a  fine  grinding  wheel,  according  to  per- 
sonal views.  Now  heat  all  edges  of  the  cannulas  gently  to  eliminate  any  sharp 
cutting  edges.     A  finished  arterial  cannula  is  shown  in  Fig.  4. 

Some  laboratorv  workers  seem  to  be  of  the  opinion  that  a  bulb,  at  the 
junction  of  the  cannula  proper  and  the  side  outlet,  is  essential  to  lessening  coag- 
ulation of  the  blood,  the  basis  for  such  view  being  that  the  bulb  acts  as  a  sort 
of  mixing  chamber  for  the  blood  and  the  anticoagulant  solution.  \\'hile  such 
an  opinion  is  perhaps  a  logical  point  to  bear  in  mind,  still  I  am  inclined  to  be- 
lieve that  the  factor  mostlv  involved  is  not  the  presence  of  a  bulbous  junction 
but  a  proper  concentration  of  a  good  anticoagulant  solution. 
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EDITORIALS 


The  Red  Cross  as  an  International  Health  Agency 

RECENTLY  the  Ivcd  Cross  organizations  of  the  United  States,  Japan,  Eng- 
land, France,  and  Italy  held  a  conference  at  Cannes,  France.  This  con- 
ference was  attended  by  men  eminent  in  sanitation  and  epidemiology  from  the 
countries  above  mentioned.  It  was  supposed  at  the  time  that  this  meeting  would 
be  a  prei)aratory  one  to  an  international  Red  Cross  conference  to  be  held  at 
(ieneva  soon  after  signing  the  treat\'  of  i)eace.  Howexer  the  treatx  is  still  in  the 
;iir,  and  it  mav  be  of  general  interest  to  know    what  was  done  at  Cannes. 

Doctor  Kichard  P.  v^trong  projjosed  that  the  international  Red  Cross  So- 
cieties should  inaugurate  a  movement  for  the  establishment  of  an  organization 
which  will  take  up  the  most  urgent  problems  in  hygiene  and  jiublic  health  and  at- 
tempt to  soke  them  in  the  most  intelligent  manner,  lie  proi)osed  the  establish- 
ment of  a  Ked  Cross  International  C'ouncil  and  i'>urcau  of  Hygiene  and  Tublic 
Ibaltli    whose    prmcipal    arti\ities    should    be    as    tollows: 

(1  )  To  call  atlcnliou  lo  the  movt  urgent  and  important  -situations  iu  ditleri'nt 
[)arls  of  the  wdrld  wluie  medical  or  s;mitar\  iclief  is  needi'd.  and  to  tlu'  bi'st 
methods  to  be  emplo\cil  in  extending;  such  relief  and  by  whom  it  i^  ad\i>able 
that  such  relief  slmuld  be  offered. 
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(2j  'I'o  stiimilaU'  invcsti.^alions  in  iclalinii  lo  jl|•(.l>k•lll^  in  public  licriltli  and 
carry  on  orif^nnal  rc^(•al■cll  by  llic  a|ii)(nnliiicul  <>\  such  coninii>sion>  when  such  ni- 
vestigations  seem  urgenl,  adxisablc,  ami   necessary. 

(3)  To  demonstrate  and  I'xhibit  new  (hscovcries  and  new  metliods  in  com- 
bating infectious  (Hsease,  and  methods  rebating  to  hygiene  and  jjuIjIic  health. 

(4)  'J\j  collect  all  important  information  relating  t(;  public  health  and  new 
methods  for  the  prevention  and  control  of  outbreaks  of  infectious  diseases. 

(5)  To  secure  accurate  knowledge  concerning  public  health  institutions, 
schools,  and  laboratories,  in  various  countries  and  the   work   performed  therein. 

(6)  To  standardize  and  impro\e  [)ublic  health  education  throughout  the 
world. 

Doctor  Strcmg  says:  "We  may  sujjpose  that  an  epidemic  of  plague  has  ap- 
peared in  Greece,  that  the  disease  is  spreading  rapidly  and  has  passed  beyond 
the  control  of  the  local  authorities.  All  countries  are  menaced  from  this  quar- 
ter. Greece  calls  for  aid  from  other  nations  as  did  Serbia  when  she  was  stricken 
with  typhus  in  1915.  The  Red  Cross  in  different  countries  wishes  to  respond, 
but  without  a  central  international  bureau  the  eft'orts  can  not  be  best  coordinated 
and  made  most  effective.  We  will  suppose  that  the  British  Red  Cross  hastily 
organizes  relief  units  without  reference  to  what  other  countries  may  be  planning 
or  undertaking.  The  French,  Italian,  and  Japanese  Red  Cross  organizations  act 
in  the  same  manner.  Other  countries  follow  their  example,  each  unfamiliar  with 
the  plan  of  the  others  or  with  the  nature  of  the  personnel  and  equipment  to  be 
sent.  These  units  arrive  in  Greece,  each  with  a  more  or  less  indefinite  plan  of 
action  and  with  its  own  commanding  officer.  The  local  sanitary  authorities  hav- 
ing already  failed  in  the  suppression  of  the  epidemic  are  not  in  a  position  to  as- 
sume control.  Such  a  condition  actually  occurred  in  Serbia  in  1915.  Unless 
some  individual  who  can  dominate  the  situation  takes  control,  confusion,  lack 
of  cooperation  and  inefficient  management,  or  failure  is  likely  to  result.  At  any 
rate  it  must  be  obvious  that  the  most  efficient  work  can  not  be  done  unless  all 
the  relief  units  act  in  cooperation  under  a  central  direction  and  with  a  definite 
plan.  NMth  the  existence  of  an  International  Council  and  Bureau  of  Hygiene 
with  its  machinery  for  obtaining  early  information  the  national  Red  Cross  of 
each  nation  could  be  informed  of  what  it  was  expected  to  do,  and  just  what  form 
of  relief  seemed  most  desirable  and  necessary.  Methods  of  procedure  could  be 
planned  by  this  body.  An  interallied  board  would  take  charge  of  the  situation 
and  constitute  a  Bureau  of  Health  in  the  afflicted  country  and  be  able  to  carry 
out  the  task  before  it  in  an  intelligent  manner." 

In  support  of  his  plan  Doctor  Strong  refers  to  the  successful  study  of  trench 
fever  in  the  spring  of  1918.  A  commission  was  appointed  to  carry  out  experi- 
mental work  upon  this  disease  and  volunteer  subjects  were  secured.  Through 
this  interallied  cooperation  between  the  British  and  American  armies  the  work 
was  successfully  accomplished  and  the  method  of  transmission  of  this  disease 
discovered.  The  work  was  made  possible  largely  through  an  interallied  com- 
mission which  was  appointed  on  account  of  the  war.  In  time  of  peace  there 
would  have  been  no  arrangement  for  similar  cooperation,  and  this  should  be  pro- 
vided for. 
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The  handling^  of  pneumonic  plague  in  Manchuria  in  1910  is  another  ilhis- 
tration.  China  hecanie  seriously  alarmed  at  the  situation,  appealed  for  assist- 
ance, and  the  American  Red  Cross  under  the  authority  of  the  State  Department 
responded  to  the  appeal.  The  true  nature  and  method  of  spread  of  the  disease 
were  determined  by  several  scientific  commissions  sent  by  different  nations  to 
Manchuria.  The  proper  measures  were  instituted,  the  epidemic  checkeil,  and 
entirely  stamped  out  within  three  months. 

Doctor  Strong  makes  clear  that  the  chief  activities  of  the  International 
Council  and  Bureau  in  relation  to  research  should  be  upon  the  whole  not  to 
prosecute  original  in\estigations  except  in  special  instances,  but  to  stimulate  re- 
search work  in  scientific  institutions  already  established  in  difi^erent  parts  of  the 
world,  either  by  securing  to  such  institutions  financial  sujiport  for  such  >tudies 
or  by  furnishing  increased  personnel  or  by  rendering  other  assistance. 

It  is  proposed  for  the  purpose  of  carr}ing  out  this  project  that  there  be  es- 
tablished in  connection  with  the  League  of  Nations  an  International  I'.ureau  of 
Hygiene  and  Public  Health  situated  in  the  same  city  as  the  capital  of  the  League 
of  Nations.  There  should  be  maintained:  (1)  An  office,  (2)  A  division  of  in- 
formation, (3)  A  library  division.  (4)  .\  publication  division,  (5)  .\  demonstra- 
tion laboratory,  (6)  A  museum. 

There  should  also  be  established  in  connection  with  liie  central  bureau  de- 
partments of:  (  1  )  Vital  statistics.  (2)  Preventi(tn  of  communicable  disease-.  (3) 
Sanitatif)n,  (4)   Industrial  hygiene.  (5i  Child  welfare. 

The  intcrnati(jnal  council  should  meet  every  four  m<»nlhs  in  one  of  the  al- 
lied countries,  and  annually  at  the  place  in  which  the  central  bureau  is  situatcii. 
I  here  .should  be  an  e.\ecuti\e  committee  com|)oscd  of  one  representative  from 
each  country.  The  director  of  the  bureau  should  be  the  chairman  of  the  In- 
Icrnational  Council  of  Hygiene  and  Public  Health.  M  least  one  public  health 
official  in  each  country  should  maintain  an  office  in  connection  with  the  national 
Red  Cross.  The  Internatir)nal  I'.ureau  of  Hygic-ne  ;ind  Public  Health  described 
above  should  constitute  a  center  where  (juestions  of  commctn  interest  to  all  hu 
nianity  would  be  considered.  In  this  way  the  duplicati(.n  of  public  health  ac- 
tivities especially  in  relation  to  epidemic  diseases  should  be  avoided  an<l  greater 
harmony  and  more  forceful  action  obtained  thn>ugh  the  em|)loymctit  of  unified 
and  most  m«>dern  sanitary  methods.  The  bureau  will  not  attempt  ttt  duplicate  or 
supplant  the  work  of  medical  and  hygienic  institutions  alrea<ly  established  in 
different  countries,  but  will  altem|)l  to  further  their  interests  while  tuiliiring  their 
discoveries.  In  this  way  it  will  constitute  an  international  centet  of  ideas,  meth- 
ods, exchanges,  relations,  propaganda,  etc. 

The  central  I'lureau  of  Hygiene  will  recei\<'  llw  following  information: 

(1)  All  new  <lisc«iveries  an«l  nielliods  df  importance  in  relation  to  public 
welfare. 

(2)  All  \ital  statistics. 

(i)    Information  c«»nccrning  the  prexalrncc  of  comnnmicable  disease*. 
(4)    Knowledge  concerning  special   sanitary  and  h\gienic  prcibienis  in  dii 
frrrnt  countries. 


KUITOKAI.S 


7fJ3 


Tlu'  Imrc'.-iu   will   ;ilsfi  act    in   the  di^t  rihiition  of  llic    following: 
(  1  )    Now    .li^co\ci-ic>    aii<l    new    nictliod-    ni    relation    to   hyj^'icnc   and    jmblic 
hcailh. 

(2)  I'acls  concerning  the  ohjecls,  work  heinj,'  ])crfornu'd.  and  personnel  in 
all  public  health  laborat(jrics. 

(3)  'i'hc  text  of  all  national  health  laws. 

(4)  All  xaluahle  inforni;ition  resullin<(  from  a  codilicalion  of  proceedings 
of  .health  congresses  in  order  that  snch  information  may  he  widely  disseminated 
and  rendered  available. 

The  collections  of  the  central  International  Puireau  of  Hygiene  and  Sanita- 
tion will  consist  of  a  museum,  a  library,  and  laboratories.  The  purpose  of  the 
museum  will  be  to  demonstrate  the  progress  accomplished  in  fields  of  hygiene  and 
public  health  and  to  accentuate  the  importance  of  discoveries.  Models  of  new 
a\ailable  .-anitary  appliances  would  be  on  constant  exhibitifjn  in  the  museum. 
The  library  should  be  one  for  reference,  made  up  largely  of  journals,  periodicals, 
and  monographs.  It  should  be  a  depository  of  duplicates  of  all  valuable  hygienic 
l)ublication.  Writers  upon  sanitary  subjects  should  be  urged  to  send  their  works 
to  this  library.  The  International  Hygienic  Bureau  with  its  laboratories,  li- 
brary, and  museum,  with  its  large  collections,  should  attract  workers  interested  in 
these  subjects  from  all  parts  of  the  world. 

It  is  to  be  ho[)ed  that  the  Red  Cross  societies  of  the  various  nations  that  are 
to  constitute  the  much-discussed  League  will  cooperate  and  realize  something 
like  the  plan  proposed  by  Doctor  Strong.  In  this  country  at  least  the  Red  Cross 
has  a  great  hold  upon  the  people.  This  has  been  demonstrated  as  never  before 
during  the  war.  It  has  asked  for  millions  and  its  requests  have  been  duplicated 
in  gifts.  If  wars  happily  cease,  which  is  by  no  means  certain  at  the  present 
writing,  there  could  be  found  no  stronger  bond  for  union  between  the  nations 
than  a  common  struggle  against  that  enemy  of  all  mankind,  disease,  and  especially 
epidemic  disease.  Today  we  scarcely  know  the  A,  15,  C"s  of  the  science  of  epi- 
demiology. The  time  may  come  when  we  shall  be  able  to  foretell  the  oncoming 
of  an  epidemic  with  much  more  certainty  than  the  weather  of  tomorrow  or  of 
next  week  is  now  foretold.  Besides,  when  this  time  comes  we  shall  not  only  be 
able  to  predict  the  oncoming  storm,  but  we  shall  lie  able  to  greatly  mitigate,  and 
possibly  altogether  avert  it. 

Centuries  ago  it  was  known  that  epidemic  diseases  traveled  from  east  to 
west.  This  was  formulated  as  an  epidemiologic  law  even  before  the  dawn  of  the 
Christian  era.  It  was  not  then  realized  that  the  direction  of  travel  of  epidemics 
was  determined  by  the  line  of  human  tra\el.  This  is  now  known  to  be  true.  The 
early  epidemics  of  Asiatic  cholera  during  the  first  part  of  the  nineteenth  centurv" 
contributed  greatly  to  our  epidemiologic  knowledge.  In  1816  this  infection  be- 
gan its  first  recorded  travels  and  reached  countries  so  remote  it  could  be  re- 
garded as  pandemic.  It  traveled  slowly  at  that  time  before  the  general  use  of 
steam  transportation,  and  did  not  extend  westward  l)eyond  the  confines  of  Asia 
and  Africa.  To  the  east  and  south  it  visited  Borneo,  Java,  the  Philippines,  and 
China.  It  lingered  in  various  localities  for  years.  In  1826  it  began  from  its 
home  near  the  delta  of  the  Ganges  its  second  journey.     This  continued  for  eleven 
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years.  This  time  it  spread  over  the  greater  part  of  Europe  and  America.  It 
traveled  by  different  routes,  some  by  land  and  some  by  sea.  Nothing  more  was 
known  of  this  infection  outside  its  own  domicile  until  1846.  The  third  pandemic 
reached  the  farthermost  parts  of  the  earth  and  lasted  until  1862.  It  is  esti- 
mated that  in  1853-54  it  killed  in  France  alone  150,000  and  it  pursued  the  gold- 
seeker  on  his  way  across  the  plains  to  California.  The  fourth  pandemic  was  in 
evidence  by  1864  and  continued  until  1875.  As  the  records  show,  it  found  114.683 
victims  in  Prussia  alone  on  this  trip.  The  fifth  pandemic  began  in  1883,  spread 
over  the  eastern  hemisphere  and  reached  New  York  harbor,  but  was  refused  ad- 
mission. This  time  the  number  of  victims  in  European  Russia  alone  is  estimated 
at  800.000.  The  notable  outburst  at  Hamburg  belongs  to  this  period.  In  1902 
cholera  became  pandemic  for  the  sixth  time.  Since  that  time  it  has  been  found 
in  various  parts  of  Europe  and  has  repeatedly  reached  our  own  shores,  but  has 
never  been  naturalized.  During  the  great  World  War  it  has  put  in  an  appearance 
here  and  there,  but  scientific  preventive  medicine  has  been  able  to  control  it. 

In  all  these  excursions,  among  all  kinds  and  conditions  of  men,  in  every  de- 
gree of  civilization,  in  the  tropics  of  Africa  and  amid  the  snow  and  ice  of  north- 
ern Russia,  in  the  thronged  city,  and  in  the  emigrant's  wagon,  with  high  and  low, 
slave  and  master,  wherever  it  has  traveled,  cholera  has  maintained  its  individ- 
uality and  has  shown  no  modification  in  manner  of  attack  or  variation  in  the 
symptoms  induced  in  its  victims.  Its  vehicle  of  transport  has  been  man's  body 
and  it  has  followed  the  lines  of  human  travel,  on  foot,  on  horse  or  camel,  by  ox 
team  or  stage,  by  steam  on  land  and  sea.  The  sick  and  dying  have  scattered  its 
progeny  around  the  world.  The  science  of  preventive  medicine  has  proved  the 
only  detective  who  can  trace  this  criminal,  the  only  officer  who  can  arrest,  and  the 
only  executioner  who  may  finally  remoxe  it  for  all  time  from  the  earth. 

\\'hat  has  proved  true  concerning  cholera  is  largely  true  of  influenza.  Even 
now  it  has  reached  the  uttermost  parts  of  the  earth. 

—V.  C.  I '. 


An  Addition  to  Our  Editorial  Staff 

IT  is  with  pleasure  that  wc  welcome  to  our  editorial  staff"  Dr.  W  .  C'.  MacCarty 
of  the  Mayo  Clinic.     \\'e  consider  ourselves   fortunale   in   st'curing  tlie  help 
of  this  eminent  man. 

The  objects  wliicli  Dr.  .MacCarty  will  attempt  lo  seciu-e  in  the  conduct  of 
his  department  may  be  stated  as  follows: 

1.  To  keep  the  medical  profession  ]ioste(l  up  to  dale  as  to  the  clinical  \alue 
(tt   lal)oi-ator\-  ])rocedures  and  the  conclusions  to  be  drawn  therefrom. 

2.  To  attempt  to  standardize  pathologic  terminolog\-  and  make  it  more  et'fi- 
cienl.  In  doing  this  he  will  axoid  making  unduly  ])rominent  his  own  \  iew  s.  but 
^\•ill   treat  the  subject   in  a  bro.id  wav. 

3.  To  stimulate  physicians  to  take  up  laboratdrv  methods  as  an  essential 
part  of  the  ])ractiee  ol'  me(hcine. 

4.  He  will  en(le;i\(ir  to  encourage  the  ulili/.ation  of  l;ibor;itoi\-  si.ecialists  as 
consultants  to  those  directly  en.^agi-d  iu  tin-  pr.iclice  of  the  pi-,,fes.i,,n. 

^   /',  C.  l\ 


7//r  Journal  of 

Lnhonilorjl  d/nl  Cl/n/col 

Medicine 

\'(>i,.  I\'.  Sr.   I.fti  !->.   Skithmhkk.   I!)1!>  \'«    !J 


OinciXAL  ARTICLFS 


AX  i:\im:ki.mi:x!  \i.  sitdy  i  rox  rm-:  imi-kkc.xaiiox  oi 
(LOTH  wnii  !m:i)I(  ri.K  iDK  sinsiAXCKs-' 

IIV    W  .    MiM.Ki:.   A.I'...   AM)  .\.    I).    lIlKSCHKELDKK.    U.i^..   M.I).. 

Mi.\  NK.M'oi.is.  Minn. 

Tl  I  Iv  |>ri>l)Iiin  i)f   hiriiij,'  the  Mtklicrs  from  lice  divides  itself  into  two  distinct 
phases : 

1.  The  laundering  aii<l  hathinj;  proceikires  for  nd<hiij;  the  cli»the>  and  the 
men  ot   hce  or  ej^'j^^s  already  i)re>ent.     These  were  possible  only  lK?'hind  the  lines. 

2.  The  use  of  sachet  powders  and  iniprejjnation  of  clothes  and  underwear 
with  sui>staiices  which  would  kill,  or  prevent  the  jjrowth  or  even  the  presence  of 
lice  in  the  clothing.  Since  in  many  cases  the  soldiers  were  on  duty  continuously 
without  change  of  clothing  for  three  weeks  or  more,  this  phase  of  the  problem  as- 
sumed particular  importance. 

In  spite  of  the  \ery  large  numher  of  researches,  which  reaches  into  the  hun- 
dreds, tli.it  have  been  ])ublished  or  kept  as  confidential  reports  of  the  variou*; 
governments  since  the  beginning  of  the  war.  many  difficulties  have  remained  to 
be  overcome,  and  it  was  to  aid  in  this  that  the  present  scries  was  undertaken  at 
first  under  a  research  fund  grant  from  the  Regents  of  the  University  of 
Minnesota  and  later  ujider  the  auspices  of  the  Metlical  Science  Division 
of  the  Xational  Research  Council.  The  researches  u|xin  the  growing  and 
breeding  of  lice,  as  well  as  uixin  conditions  governing  the  laundering  and  iron- 
ing of  clothing  and  the  compounding  of  various  .sachet  j^iwders  as  well  as  a  pre- 

•Krom   the    Division    of   Economic    Zoology   ami   the    I>r|>«riro«it  of    Pharniacolocy.    l"niv«r»itT   .  •    ^ 
ncsot.T.      Puhlishnl   with   the  .i|>|<roval  of  the  director  a*    Ta^er    177   of  the  Journal    Sene>  of  ihr  M 
AKrirnlltir.-|l    l'!\|>rriiiiciit    Station. 

Kc.iil   hct'ore   the    .\5^i>ciation   ot    Ameriran    rh>Mi-i.->n».    .\tlantic   Citv.  Jur- 

This  research  w.is  .liiled  in  part   hv  a   rcse.^rch  cr.int    tr.>m   the   Rritenls  o-  »ify  of   Mint>r9ol« 

and  in   part   hy   a   graiit    from   the   l>ivi»ion   of   the    Medical    Scirt!,r«  .>i    the   Na:.   ...vjrx-h    t'.-rr.-l    «»>.•» 

have  given  permi.s.<ion  for  the  publication  of  the  report 
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liminary  publication  on  the  testing  of  a  considerable  number  of  substances  used 
in  the  impregnation  of  cloth  have  already  been  published  by  one  of  us^  and  are 
not  a  part  of  the  present  paper.  The  entire  study  is  now  in  press  as  a  University 
of  Minnesota  monograph  under  our  joint  authorship  and  the  detailed  publica- 
tion will  soon  appear. 

The  method  at  first  employed  in  this  research  was  to  spread  1  gram  of  the 
substance  to  be  tested  upon  a  piece  of  cloth  such  as  is  used  in  the  soldier's  un- 
derwear 6x8  cm.  in  size,  allow  the  substance  to  evaporate,  and  to  test  the  dura- 
tion of  its  power  to  kill  lice  by  cutting  ofif  small  strips  at  intervals  and  placing 
such  a  strip  in  a  glass  vessel  in  which  a  number  of  lice  and  eggs  were  kept.  The 
vessel  was  then  kept  at  incubator  temperature  and  the  percentage  of  the  lice  which 
were  alive  after  12-hour  intervals  was  noted,  as  well  as  the  ability  of  the  various 
baddies  of  eggs  to  hatch  out. 

^^J^  order  to  be  regarded  as  efifectual  the  substance  being  tested  had  to  kill  80 
percent  of  the  lice  within  12  hours  or  100  per  cent  in  24  hours. 

All  the  lice  were  fed  daily  or  twice  daily  upon  the  forearms  of  human  sub- 
jects by  Moore  and  a  corps  of  assistants.  That  this  was  no  indififerent  procedure 
was  shown  by  the  fact  that  each  of  the  persons  doing  so,  suffered  more  or  less 
from  fever,  rash,  and  glandular  enlargement,  and  a  condition  somewhat  resem- 
liling  but  not  indentical  with  trench  fever  which  has  been  described  by  Moore- 
in  an  article  in  the  Journal  of  the  American  Medical  Association  and  both  of  us 
in  an  article  in  the  Archives  of  Internal  Medicine.  The  testing  of  the  substances 
upon  the  louse  was  all  done  by  Moore, — the  chemical  syntheses  by  Hirschfelder. 

The  mere  evaporation  of  the  substances  from  the  cloth  exposed  to  the  air  was 
soon  found  not  to  coincide  entirely  with  the  disappearance  of  the  substance  when 
worn  next  to  the  skin  and  accordingly  simple  evaporation  was  discarded  as  a  cri- 
terion and  in  the  present  research  the  substances  were  tested  entirely  by  wearing  a 
patch  of  impregnated  cloth  6x8  cm.  pinned  to  the  undershirt  and  in  contact  with 
the  skin  of  the  wearer.  These  gave  a  fair  indication  of  the  conditions  under 
which  the  substances  would  be  used  in  practice  and  it  was  also  possible  to  de- 
termine from  the  presence  of  reddening  f)f  the  skin  under  the  patch  whether  the 
compounds  were  too  irritating  to  be  used. 

In  the  preliminary  paper  referred  to  above  Moore  has  described  the  effects 
of  impregnating  the  cloth  with  various  lubricating  oils,  lard  oil,  fish  oil.  bone  oil, 
and  with  various  vegetable  oils  such  as  cottonseed  cmI,  rapeseed  oil  and  palm  oil. 

These  were  effective  only  in  concentrations  that  would  render  the  clothing  so 
saturated  with  oil  that  they  could  not  be  worn  and  were  only  slightly  effective 
when  1  c.c.  to  8  square  inches,  enough  to  make  llu'  clothing  visibly  oily,  were  used. 

Organic  acids  (salicylic,  oleic,  \aleric)  were  irseless.  Thymoliodide  failed 
to  kill,  phenyl  iodide  was  transitor\-.  I'ure  anthracene  was  useless  but  crude 
anthracene  killed  in  118  hom's. 

The  metallic  sails,  c()p])ci'  olcate,  zinc  stearate,  zinc  cbhiridc,  Ic-rrous  sulphate, 
sodium  arsenate  in  1  \)vv  cent  solution  and  saturated  lead  ai'ctate  ga\e  negatixe 
results  but  saturated  lIijCI.,  kilK'd. 


'.Moore,   W.;      |..iii.    Am.    Mi<l.    Assn..   Auk.    17.    VMS,   lx.\i,   .S.?n-5.U. 

=  M(>orc,    W.:     "lour.    Am.    MctI.    Assti.,    Nov.    J,    I'MS,    Ixxi.    1-4SI-14K.'. 

Hirschfelder,   A.    I).,   and   Moore,    W.:      Arch.    Int.    Med.,    April,    1919,    xxiii,    419-4.10. 


IM  I'KIvCNATloX    ()!■    (I.oTII     W  IT  1 1     I'l'.UK"  I   I.H"  I  hK    SL'HSTANCES  lif) 

Sul|iliur  was  IK•J,^'lli\  c.  lodoiOnn  wliicli  had  been  used  ctfectively  by  the 
I'.iitisli  in  llu'  X.C.I.  I  naplithulcne  *■)()' 'i,  creosote  2*/^,  and  iodoform,  2%) 
sachet  powders  was  of  sonu'  \ahu',  but  the  naphthalene  killed  only  for  12  hours, 
thouf^h  cloth  inipre,i,Miatcd  with  alphanai)hthol  retained  its  killing  power  for  360 
hours  aud  ali>hauaphlh)  laniine  idr  "20,  after  simjile  exposure  to  the  air.  On  ac- 
count of  tlu'ir  toxicity  the  cloth  was  not  worn,  so  that  these  figures  are  not  com- 
parable with  the  figures  given  when  the  cloth  was  worn. 

Orthonitraniline  which  lasted  480  hours  is  too  toxic  to  man  to  arlmit  of  its 
use.  Heliotropine  was  found  lo  ha\e  retained  its  killing  ])ower  after  exposure 
to  the  air  for  528  hours,  but  on  being  worn  lost  it  after  24  hours  although  if 
mixed  with  cocoa  butter  it  lasted  for  168  hours.  This  was  due  to  the  cr}-stal- 
Hzing. 

The  success  of  British  investigators  with  naphthalene  and  creosote  powders 
and  our  own  results  with  cresol  indicated  that  cresol  was  about  the  most  useful 
substance,  but  that  it  disappeared  from  the  clothing  too  rapidly  to  suit  the  pur- 
pose. It  was  accordingly  suggested  l)v  f)ne  of  us  (H)  that  derivatives  of  cresol 
preserving  the  general  cresol  structure,  but  diminishing  the  volatility,  might  afford 
the  solution  of  the  problem,  and  on  this  account  a  number  of  cresol  derivatives 
were  synthesized. 

After  methylene  di-cresol,  cresyl  benzoate  and  the  cresyl  phosphates  and  a 
mixture  of  di  cresyl-ethers  and  cresyl  ketone  were  found  to  be  ineffective,  a  sys- 
tematic study  of  the  halogenated  cresols  was  undertaken.  Attempts  made  to  pre- 
pare these  by  most  of  the  methods  described  in  Beilstein's  Handbuch  gave  un- 
satisfactory results  but  satisfactory  bromination  could  l)e  secured  by  using  Kophe- 
schaar's  mixture  of  sodium  bromate,  sodium  bromide  and  hydrochloric  acid. 

Much  better  results  were  secured,  however,  by  a  method  suggested  by  Dr. 
\\\  H.  Hunter,  dropping  the  calculated  amount  of  bromine  from  a  separating 
funnel  directly  into  glacial  acetic  acid  containing  the  cresol  and  a  small  piece  of 
bright  iron  wire  as  a  catalyzer.  Bromination  as  shown  by  titrating  a  sample  with 
KI  and  thiosulphate  was  complete  in  less  than  an  hour.  The  mixture  was  then  neu- 
tralized, separated,  and  filtered  off,  washed  first  with  sodium  thiosulphate  to  re- 
move any  excess  of  bromine  or  bromine  that  had  entered  the  hydroxyl  group, 
then  with  sodium  bicarbonate  and  water  and  finally  filtered  or  separated  off. 

Chlorine  was  introduced  by  bubbling  into  the  glacial  acetic  acid  solution  of 
cresol  in  the  presence  of  iron  wire  until  the  calculated  weight  of  CI  had  been 
taken  up.  The  sul)stances  were  otherwise  treated  in  the  same  way  as  the  bro- 
mine derivatives. 

Iodine  was  introduced  in  saturated  sodium  bicarbonate  solution  in  the  pres- 
ence of  potassium  iodide.  A  series  of  mono-  and  di-brominated  chlorinated  and 
iodo-  ortho-  meta-  and  para-cresols  was  thus  prepared  in  which  the  halogen  had  en- 
tered the  ring.  By  this  mode  of  treatment  the  trihalogen  compounds  of  the  nieta- 
cresol  onlv  are  formed  and  no  trihalogenated  ortho  and  para  compounds  were  ob- 
tained. 

Chlorine  was  also  introduced  into  monobrominated  metacresol  and  in  this 
wav  a  monobrom,  monochlor  and  a  monobromdichlormetacresol  was  formed  and 
in  the  same  wa\'  a  dibrommonochlormctacresol. 
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When  patches  of  cloth  impregnated  with  these  substances  were  worn  it  was 
found  that  the  monochlor  orthocresol  had  no  kilhng  power  after  being  worn  24 
hours,  and  that  the  dichlor  orthocresol  killed  100  per  cent  after  being  worn  24 
hours,  but  none  after  48  hours. 

The  monoiodoorthocresol  was  variable  and  uncertain  in  its  efifect,  but  none 
of  the  samples  killed  more  than  40  per  cent  of  the  lice  after  being  worn  more 
than  168  hours.  The  monobromparacresol  and  the  monobrommetacresol  lost  their 
killing  power  after  48  hours,  while  the  dibromorthocresol  retained  it  for  120 
hours  and  the  dibrommetacresol  for  240  hours.  On  the  other  hand,  the  tribrom- 
metacresol  possessed  too  low  a  volatility,  and  though  lice  were  killed  during  the 
first  24  hours  probably  on  account  of  the  presence  of  a  lower  brominated  im- 
purity, after  36  hours  the  killing  power  was  completely  lost. 

Evidently  the  optimum  volatility  to  secure  the  persistence  of  louse  killing 
power  lay  with  the  dibrominated  cresol.  An  attempt  was,  therefore,  made  to 
prepare  chlorbromcresols  in  order  to  see  whether  a  still  nearer  approach  to  the 
optimum  could  be  made. 

The  monochlormonobrommetacresol  lost  its  killing  power  after  48  hours, 
and  the  monochlordibrommetacresol  lost  it  after  48  hours,  though  it  still  killed 
100  per  cent  of  the  lice  that  were  exposed  to  its  action  for  36  hours.  The  di- 
chlormonobrommetacresol,  however,  preserved  its  killing  power  for  312  hours 
(13  days),  thus  representing  the  best  compound  of  the  series.  This  compound 
which  has  not  been  described  in  literature  is  a  white  crystalline  compound  with 
a  melting  point  of  62  degrees.  When  beechwood  creosote  was  treated  with  two 
molar  parts  of  bromine  a  product  was  formed  which  still  killed  after  240  hours. 
Tricresol  treated  with  bromine  naturally  forms  a  mixture  of  l)romocresols  prob- 
ably ranging  from  the  mono-  to  the  tribromcresol  in  varying  amounts.  \\'hen 
two  molar  parts  of  bromine  were  added  and  the  mixture  ])urificd  in  the  same 
way  as  the  pure  cresfjjs  the  prorluct  possessed  killing  properties  after  having  been 
worn  for  96  hours.  W4ien  three  bromines  were  added  it  did  so  for  120  hours. 
A  sodium  salt  of  the  dibrominated  tricresol  was  prepared  by  (Moore)  treating 
with  an  excess  of  3  per  cent  NaOH.  This  compound  possessed  a  high  killing 
power  for  192  hours  and  a  low  but  persistent  killing  power  for  360  hours. 

We  have  also  studied  the  alumimun.  magnesium,  and  calcium  compounds  of 
cresol  with  a  view  to  j>rcparing  insolul)le  compounds  of  the  cresol  derivatives 
which  should  be  less  alkaline  than  the  sodium  comiionnds  and  should  slowly 
split  off  the  cresol  so  as  to  continue  its  louse  killing  ]iower.  Though  the  com- 
jiounds  of  magnesium  and  calcium  with  the  hrdogenate<l  cresols  were  not  ju-c- 
parcd  it  seems  probable  that  these  were  even  better  suited  than  the  sodium  com- 
jxjuncU  for  the  purpose  f)f  the  research.  vSince  naphthaline  was  rated  next  to 
cresol  in  the  ex])erience  of  the  I'riti^h.  corresponding  chlorinated  naphthaline 
derivatives  were  prepared  by  the  method  described  by  Eniil  I^'isdur.  but  these 
were  less  efficient  than  were  the  cresol  derivatives. 

After  this  scries  was  completed  the  dibr<»m\\  Icnol,  the  monobroincarxacrol 
and  the  dibromcugcnol  were  prepared  b\    I'rofosoi    R.  ,\.  ('lortner. 

I'oth  the  dibromxylenol  .hkI  the  inoiK.bi  oinc  ar\  a«rol  were  nuuh  less  volatile 
than  the  dibrf»inmelacresol  and  killed  iu^l  ;i-  rajjidlv.     |)ibronuMigenol,  which  w.is 


Ri;[,ATI()\    OI"    Tin;    I'ANC'KKAS    To    TIfK    1)1  AI'.KTIC    STATK  711 

(•\('n  less  volalili-  than  I  lie  1 1  ilnuiimu-tacresol,  killed  within  20  hours,  while  the  tri- 
hroiniiu'tacrcsol   faiU'd  to  kill. 

The  ellecl  ot  the  nKinnlMoimaiA  aerol  did  not  la^l  any  Ioniser  than  that  of 
till'  dihroniciiso]  wlicn  worn,  hnt  the  rea>-ons   for  this  were  not  rjetcrmined. 

The  suhstances,  thcrelOre,  w  hich  were  found  to  he  hest  suited  to  the  i»ur|*ose 
were  the  dihroninietacresol  which  lasted  ten  days  and  the  dichlornionohrom- 
nietacresol  which  lasted  13  days;  and  lliese  compounds  seemed  to  fulfil  the 
requisites  of  the  prohlem  so  far  as  a  lahoratory  trial  could  demonstrate. 

Further  pursuit  of  the  prohlem  was  rendererl  unnoce-sary  hy  the  signing  of 
the  Armistice. 


RELATION  OF  THE  PANCREAS  TO  '1III-:  DLXP.ETIC  STATE=* 


P)V  DwiGiiT  M.  Ervix,  a. p..,  Cixcixxati,  Ohio 


THE  pancreatic  diabetic  state  is  a  condition  characterized  by  several  pathologic 
changes,  absence  of  glycogen,  hyperglycemia,  fatty  changes,  acetone  bodies 
and  glucose  in  the  urine;  and  a  lowered  respiratory  quotient.  This  condition 
of  diabetes  has  been  ascribed  to  either  of  two  changes  from  the  normal ;  first 
the  failure  of  the  body  cells  to  proi)erly  oxidize  glucose;  and  second,  the  in- 
ability of  the  body  to  "fix"  glycogen  or  a  too  rapid  conversion  of  glycogen  into 
glucose. 

The  failure  on  the  part  of  the  l)ody  cell  to  oxidize  glucose  has  never  been 
satisfactorily  proved  (Knowlton  and  Starling,^  Levene  and  Mayer,-  Paterson 
and  Starling^).  Levene  and  Mayer  found  that  glucose  disappeared  more  rapidly 
from  a  muscle  preparation  to  which  pancreatic  extract  had  been  added  than 
from  one  in  w'hich  no  pancreatic  enzyme  had  been  placed.  Yet  the  later  work  of 
Patterson  and  Starling^  pointed  rather  to  the  fact  that  in  the  pancreatic  extract 
preparation  the  large  quantity  of  glucose  that  disappeared  was  converted  into  a 
nonreducing  sugar,  for  if  hydrolysis  was  carried  on  (1  per  cent  hydrochloric 
acid)   the  entire  difference  could  l)e  recovered. 

The  following  experiments  were  performed  to  test  the  glucose  consumption 
in  the  diabetic  animal.  The  diabetic  condition  was  produced  by  removal  of  the 
pancreas : 

Experiment  1. — A  well-fed  dog  of  about  18  K.  was  used.  Under  ether  the  femoral 
artery  and  vein  were  exposed  and  a  sample  of  l)lood  taken  from  each.  Sample  1  from  the 
artery  and  Sample  2  from  the  vein.  The  leg  was  then  sewed  up  and  the  pancreas  removed. 
M  the  end  of  the  sixth  hour  the  dog  was  again  placed  under  ether  and  the  femoral  artery 
and  vein  reopened.  .\  sample  of  blood  was  again  removed  from  each.  Sample  3  from  the 
artery  and  Sample  4  from  the  vein. 

The  glucose  analysis  of  eacli   sample  gave  the   following: 

Sample   1. — Femoral  artery,  before  removal  of  pancreas         0.177^ 
Sample  2. — Femoral  vein,  before  removal  of  pancreas  0.141^ 

Difference  :=  normal  glucose  consumption  of  leg  0.036% 
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Sample  3. — Femoral   artery,    after    removal    of    pancreas  0.260% 

Sample  4. — Femoral  vein,  after  removal  of  pancreas  0.225% 

Difference  =  Diabetic  consumption  of  glucose  by  leg  0.035% 

Urine  after  removal  of  pancreas  and  at  the  time  Sample  3  and  4 
were  taken  glucose  1.67%. 

During  the  passage  of  the  blood  through  the  leg  in  a  normal  condition  the  glucose  con- 
centration was  reduced  from  0.177%  to  0.141%  by  tissue  utilization.  In  the  diabetic  state 
the  reduction  was  the  same.  In  the  normal  it  was  reduced  0.036%,  in  the  diabetic  it  was  re- 
duced 0.035%.     The  glucose  consumption  was  not  interfered  with  in  any  manner. 

Experiment  2. — A  rabbit  (2  K.)  well  fed  on  carrots,  greens,  and  lettuce  was  placed 
under  ether  and  blood  removed  from  femoral  artery  and  vein,  Sample  1  from  the  artery  and 
Sample  2  from  the  vein.  The  pancreas  was  then  removed.  In  one  hour  the  rabbit  had  re- 
covered from  the  anesthetic.  The  urine  reduced  Fehling's  solution.  At  the  end  of  the 
sixth  hour  the  reduction  was  strong.  Ether  again  was  given  and  blood  taken  from  the 
femoral  artery  and  vein.     Sample  3  from  the  artery  and  Sample  4  from  vein. 

The  glucose  analysis  of  each  sample 

Sample  1. — Femoral  artery,  before  removal  of  pancreas  0.130% 

Sample  2. — Femoral  vein,  before  clamping  vein  of  i)ancreas  0.160% 

Difference  =  normal  glucose  consumption  of  leg  0.036% 

Sample  3. — Femoral  artery,  after  removal  of  pancreas  0.270% 

Sample  4. — Femoral  vein,  after  removal  of  pancreas  0.240% 

Difference  =  diabetic  consumption  of  glucose  by  leg  0.035% 

Before  removal  of  the  pancreas  the  sugar  of  blood  was  reduced  in  its  circulation 
through  the  leg  by  0.036%.  After  depancreatization  it  was  reduced  0.030%^.  A  difference 
of  0.006%  which  is  within  the  limits  of  error. 

Experiment  3. — While  under  ether  a  dog's  femoral  artery  and  vein  were  exposed  and 
the  large  pancreatic  vein  found.  The  smaller  veins  were  tied  off.  A  glucose  solution  (20 
c.c.  of  18%)  was  injected  into  the  ileum.  .After  ten  minutes  blood  was  taken  from  femoral 
artery  and  vein.  Sample  1  from  artery  and  Sample  2  from  vein.  Tiie  pancreatic  vein  was 
then  clamped  off  gently  and  after  an  interval  of  ten  minutes  blood  Sample  3  was  taken 
from  the  femoral  artery  and  blood  Sample  4  from  femoral  vein.  The  vein  of  the  pancreas 
was  then  undamped  and  after  another  interval  of  ten  minutes  blood  Sample  5  was  taken 
from  the   femoral  artery. 

Analysis  of  the  glucose  in  each  sami)Ie 

Sample  1. — Femoral  artery,  before  clamping  vein  of  pancreas  0.188% 

Sample  2. — F^"emf)ral  vein,  before  clamping  vein  of  pancreas  0.160% 

Difference  =:  normal  consumi)ti<)n  of  glucose  by  leg  0.028% 

Sample  3. — Femoral   artery,  after   clami)ing   vein   of   pancreas  0.236% 

Sample  4. — Femoral   vein,  after  clamping  vein  of  i)ancrcas  0.208% 

Difference  ==  consumption  of  glucose  by  leg  in  dial)etic  state  0.028% 

Sami)Ie  5. — Femoral   artery   after   undamping  pancreatic   vein  0.190% 

rVom  Sample  5  we  have  a  cli((  k  \\\n<\\  the  clTict  of  ether.  Tlie  rise  in  arterial  blood 
sugar  fn.m  ().1KX%  to  0.236%,  was  ihw  l<i  llie  clam|)ing  of  the  pancreatic  vein.  Here  again 
altlumgh  we  have  a  derided  rise  in  the  i)ercentage  of  sugar  in  tiie  blood  on  the  clamping 
of  the  vein  of  the  pancreas,  we  have  tlie  same  reduction  in  tlie  arltriai  sugar  on  its  flow 
through  the  leg.  If  in  the  condition  of  dialtetes  there  is  a  imderoxidation  of  glucose  the 
percentage  of  glucose  in  the  blood  shotihl  remain  the  same  after  it  flows  through  the  leg. 
I'.ut  in  the  three  preceding  expt-riments  the  decrease  in  the  percentage  showing  the  ulilizaltoU 
by  the  tissuis.  was  tin-  same  in  the  (h-prancreati/ed  state  as  in  the  normal.  This,  however,  is 
only  claimed  within  the  limits  of  ,t  period  of  six  hours  after  depancreati^alion.  l-'urther 
experiments  upon  the  effect  of   Inne   will  be  imderlakeii. 
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It  iii.is  lie  .nj^'iKfl  that  six  \un\\>  i^  ti'>t  sufficient  time  to  allow  for  .m  m 
u  rt'rirncc  of  (»\y;^'tii  to  take  place,  and  that  while  the  pancreas  may  have  !/cen 
rc-iiiii\((l,  its  iiitt  riial  sccii-tioii  \\;i>  still  present  in  the  hlfHxl  controMing  the  oxida- 
tion of  {,'hu-osc.  It'  siuli  he  armiefl  we  must  then  admit  that  hy|»erKlycania  and 
j,'lvcosuiia  an-  phases  of  the  diahetic  state  inde|iendenily  of  oxidation  in  the  tis- 
sues. Ill  I  lie  .il)o\c  experiiiieiits  a  hvperj^lvcemia  atid  j^lycosuria  were  ppKhiccrl 
Itv  the  riiiio\aI  of  the  pancreas,  while  the  oxidation  remained  normal. 

The  liyperi,dyeeiiiia  of  the  diahetic  state  receives  no  satisfactory  explanation 
upon  the  tlieoiv  of  iiiideroxidation  unless  ;i  full  storage  oi  glycogen  is  present. 
In  the  hody  .t,ducose  is  rapidly  con\crted  into  glycogen  until  finally  there  is 
reached  a  condition  of  (•(|uilil»rium  represented  hy  the  equation: 

(ilucose  7=i  Glycogen 

Til  such  an  cquilihrinni  should  the  gluose  increase,  the  quantity  of  glycogen  must 
also  increase.  Hut  in  the  diahetic  state  there  is  little  or  no  glycogen  present. 
This  is  the  \ei\-  opposite  from  that  which  we  would  he  led  to  expect  from  the 
mass  reaction  of  tjlucosc  to  glycogen. 

\\  ithout  a  full  storasje  of  glycogen  through  the  tissues  the  undcroxidation 
can  not  satistactoiily  explain  the  hyi)erglyceniia.  Many  observers  have  found 
that  the  diahclic  liver  does  not  store  glycogen.  Minkowski*  observed  that  de- 
pancreatized  dogs  liad  no  storage  of  glycogen  in  their  livers.  It  has  been  con- 
firmed hy  many  others.  Kpstein  and  Hachr.'  Claude  Hernard,"  Xaunyn,"  Lepine." 
]>mvei/'  and  Hedon.'"  .Another  explanation  of  the  hyperglycemia  with  its  gly- 
cosuria than  that  gi\en  hy  underoxidation  is  necessar)". 

The  hyperglycemia  is  readily  exi)lained  if  we  assume  glycogenic  function  for 
the  pancreas.  This  theory  of  the  nature  of  the  function  of  the  internal  secretion 
of  the  pancreas  is  supported  emhryologically  as  well  as  ex|ierimentally.  In  gen- 
eral it  is  believed  that  the  "islands  of  Langerhans"  are  the  gland  cells  of  the  in- 
ternal secretion.  Emhryologically  they  arise  from  the  intestinal  tract  associated 
with  a  gland  which  has  an  external  secretion  that  hydrolyzes  the  starches,  and 
remain  associated  with  this  gland.  The  development  of  the  islands  is  intimately 
related  to  the  dexelopment  of  the  acini.  Tt  is  logical  to  conceive  them  from 
'heir  de\  eloi)nient  and  position  as  modification  of  the  acini  of  this  gland. 

This  is  not  a  functional  modification,  hut  a  structural  one.  in  order  that  the 
secretion  may  he  diverted  into  the  portal  blood  to  act  as  synthetic  enzyme  while 
the  external  i)assing  out  through  the  duct  is  a  hydrolyzing  enzyme.  This  hydrol- 
ysis or  splitting  of  starches  into  glucose  may  he  represented  as  follows: 

Starch  -^-  Enzyme  ;=±  ("ducose  --  Enzyme. 

The  splitting  of  the  starch  proceeds  until  there  is  a  certain  ratio  of  glucose 
to  starch  or  until  a  certain  equilibrium  is  reached.  If.  however,  the  glucose  is 
remoM'd  from  the  field  oi  reaction  as  in  the  hody  by  diffusion  through  the  wall 
of  the  intestinal  tract,  the  entire  amount  of  starch  is  hydrolyzed.  The  enzyme 
does  not  change  the  nature  of  a  reactitMi,  but  only  its  velocity,  which  it  increases. 

If  wo  now  conceixt'  that  the  internal  secretion  poured  into  the  portal  blood 
stream  from  the  structurallv  modihetl  islands  has  the  same  function  as  the  external 
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secretion,  we  are  able  to  follow  the  fate  of  the  glucose  after  it  reaches  the  portal 
circulation.  As  the  glucose  dififuses  through  the  intestinal  wall  and  into  the  por- 
tal blood  it  is  met  by  the  internal  secretion.  Since  it  is  entirely  glucose  the  re- 
action becomes  synthetic  and  the  enzyme  gives  the  needed  velocity.  The  reac- 
tion will  be : 

Glucose  -j-  Enzyme  5=±  Glycogen  -|-  Enzyme. 

As  the  glycogen  passes  through  the  liver  it  is  removed  from  the  blood.  This  may 
be  represented  diagrammatically  (Fig.  1).  Conversely  if  the  internal  secretion 
does  not  reach  the  portal  system  a  slow  and  inefficient  synthesis  with  consequent 
hyperglycemia  and  glycosuria  will  result.  When  it  is  realized  that  at  most  there 
is  only  three  to  five  grams  of  glucose  in  the  blood  and  a  hundred  grams  will  be 
absorbed  in  an  hour  the  need  of  swift  synthesis  into  glycogen  is  seen. 
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Here  then,  if  we  can  pro\c  ihe  glycogenic  function  ot'  the  inlcrnal  secretion 
of  the  pancreas,  we  I'md  an  exiilanalion  of  the  hyperglycemia  and  corresponding 
absence  of  glycogen.  In  addition  1  expect  in  sul)sc(|ui'nt  articles  to  show  that 
this  absence  of  glycogen  in  itself  is  sufficient  to  explain  the  fatty  changes,  the 
acetone  bodies,  the  disturbed  respiratory  quotient,  and  the  failure  of  a  carbo- 
hydrate diet  t(j  raise  the  respiratory  (pioticnl  or  check  the  acetonuria  in  the  state 
of  j)ancreatic  diabetes. 

A.\INrA(<    KXI'KKIMKNTS    CI'ON    Tlllv   CLVCoCKNIC    FUNCTION    OF    THE    PANCREAS 

lixl'iiiiiiint  1.— A  ral)l)il  (2.(K)0  grains),  starved  for  n^hi  days,  was  i)Ut  vindor  cIIut 
and  its  alxloimii  opened.  vSanijile  1  of  l)lood  was  taken  from  left  side  of  lieart  witli  .syringe. 
'Ilic  pancreatic  vein  wa.s  then  clamjied  and  Sample  2  lakcii  fmin  left  side  of  lieart.  The 
vein  was  then  nnclam|)ed  and  an  interval  of  ten  minutes  allowed,  (ilueose  solution  (20  c.c. 
of  18  per  cent)  was  then  inject«'d  into  the  ileum.  In  five  minutes  Samjile  3  was  taken  from 
left  side  of  heart.  Again  the  vein  was  elanipcd  and  after  live  minutes  Sample  1  was  taken 
from  left  side  of  heart. 
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The   Analysis  of   Sainpli-s 

Sample  1. — Blood  sugar,  before   clamping   pancreatic    vein  0.176% 
Sam])le  2. — Blood  sugar,  after  clamping  pancreatic   vein  0.175% 
Sample  3. — Blood  sugar,  with  glucose  in  gut  0.208% 
Sample  4. — ^Blood  sugar,  pancreatic  vein  clamped  with  glu- 
cose in  gut  0.308%  l 

The  clamping  of  the  pancreatic  vein  prevented  the  removal  of  the  glucose  from  the 
blood.  The  sugar  concentration  did  not  rise  when  there  was  no  glucose  in  the  gut  and  the 
vein  of  the  pancreas  was  clamped.  When  the  glucose  was  placed  in  the  gut  and  the  vein 
free  the  concentration  rose  0.033%.  But  when  the  vein  was  clamped  with  the  glucose  in  the 
gut  the  concentration  in  five  minutes  rose  0.100%  about  three  times  as  rapidly.  (Chart  1, 
Curve  1.) 
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Chart    1. 


Experiment  2. — A  rabbit  was  put  under  ether  and  the  abdomen  opened.  Blood  Sample 
1  was  taken  from  the  left  side  of  heart.  A  glucose  solution  (20  c.c.  of  18  per  cent)  was  in- 
jected into  the  ileum.  Ten  minutes  later  Sample  2  was  taken  from  left  side  of  heart.  The 
pancreas  was  then  totally  removed.  After  five  minutes  Sample  3  was  taken  from  left  side 
of  heart.  One  c.c.  of  urine  was  found  in  the  bladder  and  removed.  It  reduced  Fehling's 
solution.    The  analysis  gave  the  following  (Chart  1,  Curve  2)  : 

Sample  1. — At   beginning    of    experiment  0.094% 

Sample  2. — After  injection  of  glucose  in  gut  0.200% 

Sample  3. — After  removal  of  pancreas  0.386% 
A  hypergl3'cemia  resulted. 
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Expi'ri)iiciit  3. — A  rabbit  (1,900  grams)  was  put  under  ether.  Blood  samples  were  all 
taken  from  left  side  of  heart.  Sample  1  was  taken  five  minutes  after  animal  was  under 
anesthetic.  The  remaining  samples  were  taken  as  indicated  below,  after  the  injection  of 
19  c.c.  of  10  per  cent  solution  of  glucose  into  ileum. 

Sample  1. — At  beginning  0.118% 

Sample  2. — Five  minutes  after  glucose  was  in  gut  0.159% 

Sample  3. — Ten  minutes  after  glucose  was  in  gut  0.174% 

Sample  4. — Twenty  minutes  after  glucose  was  in  gut  0.168% 

Sample  5. — Thirty  minutes  after  glucose  was  in  gut  0.165% 

Experiment  3  gives  the  rise  in  the  normal.  An  absorption  of  two  grams  per  kilo  in  the 
normal  rabbit  gave  a  rise  of  sugar  in  the  blood  of  only  0.056  per  cent   (Chart  1,  Curve  3). 

Experiment  4. — A  rabbit  (1,900  grams)  was  put  under  ether  and  the  pancreas  re- 
moved. Eighteen  c.c.  of  10  per  cent  glucose  was  injected  into  the  ileum.  Blood  samples 
from  left  side  of  heart  were  taken  as  indicated  below. 

Sample  1. — Just  before   injection  of  glucose  0.165% 

Sample  2. — Five    minutes    after    injection    of    glucose  0.198% 

Sample  3. — Ten  minutes   after   injection   of   glucose  0.240% 

Sample  4. — Twenty    minutes    after    injection    of    glucose  0.265% 

Sample  5. — Thirty   minutes    after    injection    of    glucose  0.280% 

Sample  6. — Forty    minutes    after    injection    of    glucose  0.295% 

Sample  7. — Fifty   minutes   after   injection    of   glucose  0.305% 

Urine  at  end  of  experiment  reduced  Fehling's  solution.  The  total  rise  was  0.140  per 
cent.     A  hyperglycemia  developed  with  its  related  glycosuria   (Chart  1,  Curve  4). 

Experiment  5. — A  rabbit  (2,000  grams)  was  put  under  ether — 20  c.c.  of  10  per  cent 
glucose  injected  into  ileum.  The  blood  samples  from  left  side  of  heart  were  taken  as  given 
below   (Chart  1,  Curve  5)  : 

Sample  1. — Immediately  after  injection  of  glucose  0.090% 

Sample  2. — Five   minutes   after   injection   of   glucose  0.130% 

Sample  3. — Fifteen  minutes  after  injection  of  glucose  0.150% 

Again  the  rise  in   the  non-depancreatized  animal   was  insignificant. 

Experiment  6. — Rabbit,  weight  1,800  grams,  was  put  undrr  etluM'.  .Ml  blood  samples 
were  taken  from  left  side  of  heart  at  times  indicated  below.  A  solution  of  glucose  was 
injected  into  ileum  and  the  pancreas  removed.     Glucose  analysis  of  blood. 

vSamplc  1. — Before   pancreas   was   removed  0.122% 

Sample  2. — P'ive  minutes  after  removal  of  pancreas  0.115% 

Sample  3. — Ten  minutes  after  removal  of  pancreas  0.156% 

Sample  4. — Twenty   minutes   after   removal    of   pancreas  0.237% 

Sample  5. — Thirty  minutes  after  removal  of  pancreas  0.300% 

flere  as  in  the  ullur  exiierimi'nts  w  Juii  tlic  iiancreas  is  ri-nioved  the  rise  of  glucose  is 
rapid  and  high. 

Til  all  ol  tlicsc  .'iiiiin.'il  I'xix'iiiiicnls  tlii'  rise  of  poiccnl.'ii^i'  of  1)1()(h1  sus:;ar 
wlicii  2  j^Tams  ot  ,i,Hin-<)S('  \^vr  kilo  was  f,M\('ii  tln'oiiL;Ii  llu-  iiitrslin;il  trad  \aries 
widely  according  to  wlictluT  tlu-  animal  is  noini.il  or  dr|iaiici"oati/cd. 

In  llic  .above  exiterinients  we  lind  two  dilTereiil  roiidilions  ot'  tin-  perccntajrc 
of  suf^'af  in  the  Mood.  In  the  noiinal  anini.al  we  lind  th.it  1  i^f.inis  of  ijlucose 
])cr  kilo  docs  not  itiodmc  ,a  severe  rise  in  the  percentage  in  the  l>loo(l.  hnt  in  the 
dcpancreatized  animal  the  rise  is  (piick  and  severe  enonfi[h  to  hiiiii;  ahonl  a  g'y^"^^" 
sin"ia.  In  the  norm.il  animal  the  glucose  diffusinfj  into  the  portal  hlood  is  met  by 
the  internal  secretion  ol  the  p.increas  \\\\i\  rapidh  comerted  into  j^lyco^en.  The 
rate  f)f  coiucr'^ion   i^  siuh  a--  to  pii'xcnt   ,i  itv]»eri;lvcenii;i  of  smh   proportion  as 
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to  i)roducc  a  j^Iycosuiia.  lUit  in  tlu-  dcpaiu  rt-atizcd  atiiiiial  the  ronvcr^ioii  floes 
not  take  place  and  a  Iiy|K  rj^^lyceniia  and  j,dycosiiria  results.  The  hyjKT^lycemia 
is  due  to  llu'  lark  ol   ihc  iiitcnial  secictioii  of  the  panereaN. 

W  ilh  this  lact  we  are  in  a  [)ositif)n  to  discuss  the  rate  of  absorption  of  jijlu- 
cosi-  Irom  the  intestinal  tract  and  the  latc  of  its  conversion  into  ^lyco^en,  to  iItc 
rise  in  coiuriitiation  u\  thi-  lilnod  sn,<,'ar.  It  i^  this  relation  that  is  altered  in  the 
state  of  pancreatic  diallc■lc^.  In  the  normal  individual  the  rate  of  hydrolysis  of 
starch  and  its  absorption  as  j^ducosc  is  below  the  rate  of  the  convcrsifjn  of  the  glu- 
cose into  jj^l}co<4en.     W  hen  this  is  chan/^ed  and  the  rate  of  conversion  of  the  glu- 
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cose  to  glycogen  becomes  less  than  the  rate  oi  the  alisorption  of  glucose  from  hy- 
drolysis of  starch,  the  blood  sugar  rises,  there  is  a  hyperglycemia,  and  glycosuria 
develops.  The  enzyme  for  the  rapid  conversion  is  the  internal  secretion  of  the  pan- 
creas. The  rate  of  absorption  of  ingested  glucose  is  different.  An  individual  in 
normal  condition  will  \\\Hm  the  ingestion  of  one  hundred  grams  of  glucose  show  a 
rise  in  the  concentration  of  the  blood  sugar  of  0.040  per  cent  to  0.050  per  cent  in 
an  hour.  At  the  end  of  the  second  hour  the  blood  is  again  normal.  Curve  1,  Chart 
2  shows  the  cur\e  of  a  normal  indi\idual  upon  100  grams  of  glucose.  A  hun- 
dred grams  of  glucose  given  jx-r  mouth  does  not  produce  a  hyperglycemia  high 
enough  to  give  a  glycosuria,  because  it  is  too  rapidly  converted  into  glycogen.  In 
the  dial)etic  state  where  the  internal  secretion  of  the  pancreas  is  at  fault  the  con- 
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version  of  glucose  into  glycogen  is  too  slow  and  hyperglycemia  of  severity  is  the 
result.     This  slow  conversion  of  glucose  into  glycogen  is  the  state  of  diabetes. 

Again  in  Chart  2,  Curves  2  and  3  are  the  curves  of  a  diabetic.  Curve  3 
gives  the  rise  of  the  blood  sugar  upon  feeding  a  hundred  grams  of  glucose.  In 
this  case  the  blood  sugar  rose. from  0.10  per  cent  to  0.240  per  cent  in  one  hour. 
At  about  0.18  per  cent  glycosuria  becomes  noticeable.  The  rate  of  rise  in  the 
diabetic  is  very  much  greater  than  in  the  normal.  Curve  2  is  the  same  patient 
upon  30  grams  of  glucose.  The  rise  is  almost  as  rapid  as  shown  in  Curve  3  yet 
at  the  end  of  half  an  hour  has  reached  its  crest  and  at  the  end  of  two  hours  had 
returned  to  normal.  The  difference  between  these  curves  is  not  because  of  oxida- 
tion, but  because  of  the  change  in  the  rate  of  conversion  into  glycogen  and  its 
storage.  The  condition  represented  by  Curves  2  and  3  is  exactly  the  same  condi- 
tion we  found  in  the  depancreatized  animals.  \\'hen  the  animal  is  depancreatized 
it  is  no  longer  able  to  convert  the  absorbed  glucose  into  glycogen,  no  glycogen  is 
stored  and  a  hyperglycemia  with  glycosuria  develops ;  the  diabetic  through  a  dis- 
ease of  the  pancreas  in  a  similar  way  loses  the  internal  secretion,  fails  to  con- 
vert glucose  into  glycogen — and  to  the  degree  that  he  lacks  this  internal  secretion 
he  develops  a  hyperglycemia  and  ghxosuria.  If  we  estimate  the  consumption  of 
glucose  per  hour  as  15  grams  in  a  resting  individual  (360  grams  per  day)  and 
feed  this  to  a  diabetic  we  should  expect  to  see  the  curve  of  the  blood  sugar  re- 
turn to  normal  at  the  end  of  the  hour.  This  is  what  happens  as  shown  in  Curve  2, 
Chart  2. 

Not  only  in  the  depancreatized  animal,  but  also  in  the  diabetic  person,  the 
external  secretion  of  the  pancreas  acts  as  a  synthetic  enzyme  upon  the  absorbed 
glucose.  When  the  pancreas  is  functioning,  the  person  converts  his  glucose 
into  glycogen  at  a  rate  sufficient  to  prevent  a  severe  rise  in  his  blood  sugar;  when 
it  is  not  functioning,  he  is  unable  to  convert  the  glucose  at  a  sufficient  rate  and 
the  percentage  of  glucose  in  the  blood  rises,  giving  a  hyperglycemia  and  glyco- 
suria. 

SUMMARY 

The  experiments  show  that  a  depancreatized  animal  as  long  as  six  hours  after 
depancreatization  develops  a  hyperglycemia  and  glycosuria  just  as  in  the  true  state 
of  pancreatic  diabetes,  yet  consunu-s  glucose  at  the  same  rate  as  the  normal 
animal.  The  hyperglycemia  and  glycosuria  are  dependent  upon  the  rate  of 
.synthesis  of  glucose  into  glycogen  and  not  upon  interference  with  the  normal 
rate  of  oxidation. 

We  believe  that  the  internal  sccrclion  of  tlic  ]iancrcas  is  an  enzyme,  similar 
t(;  the  external,  but  diverted  into  the  portal  l)lood  for  the  rapid  synthesis  of 
glucose  into  glycogen. 

'i'he  failure  of  its  action  is  (he  cause  of  the  state  of  pancreatic  diabetes;  a 
diabetic  is  one  who  fails  to  synthetize  the  absorbed  glucose  into  glycogen  at  a 
sufficiently  ra[)id  rate  to  jirevent  a  hyperglycemia. 
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STUDIES  ON  CHOLESTEROL* 

VL  The  Value  of  Blood  Cholesterol  Determix.atioxs  and  Their  Place  in 

Cancer  Research 


By  Georgine  Luden,  M.D.,  Rochester,  Minn. 


THE  cholestei'ol  content  of  the  blood  has  been  studied  thus  far  mainly  for  the 
purpose  of  scientific  investigation,  and  its  clinical  significance  has  received 
but  little  attention.  With  the  exception  of  Joslin,  Rothschild,  and  perhaps  a 
few  others,  clinicians  seem  to  be  under  the  impression  that  cholesterol  determi- 
nations have  little  or  no  practical  value."'  ^ 

The  observations  I  was  able  to  make  between  November,  1915,  and  November, 
1(918,  strongly  suggest,  however,  that  the  test  for  cholesterol  is  capable  of  giving 
valuable  clinical  information,  although  it  should  not  be  looked  upon  as  a  specific, 
diagnostic  test,  such,  for  example,  as  the  W'assermann  test.  It  might  fitly  be 
compared  to  the  test  for  albumin  in  the  urine,  the  clinical  value  of  which  is  be- 
yond dispute,  even  though  the  latter  does  not  enable  us  to  differentiate  between 
cystitis  and  nephritis  withoitt  other  data. 

Rothschild  has  pointed  out  that  in  cholelithiasis  the  absence  of  a  constant 
hypercholesteremia  is  due  chiefly  to  the  rate  of  precipitation  of  the  cholesterol 
in  the  gall  bladder,  hence  low  blood  cholesterol  values  would  naturally  occur  if  the 
surplus  cholesterol  had  been  used  up  in  the  making  of  the  gallstones,  while  high 
blood  cholesterol  values  associated  with  gall  bladder  symptoms,  in  the  absence 
of  stones,  might  merely  indicate  that  the  gallstones  had  not  had  time  to  form; 
that  continued  hypercholesteremia  is  well  calculated  to  lead  to  the  formation  of 
gallstones  is  self-evident. 

We  are  still  in  the  dark  concerning  the  chemical  factors  which  cause  the 
bile-cholesterol  to  crystallize  to  gallstones  around  a  nucleus  of  bacteria  and  des- 
quamated cells  in  some  cases,  while  in  others  no  gallstones  are  formed,  al- 
though both  bacteria  and  cell  detritus  are  present.  Rosenow  obtained  cultures  of 
pathogenic  bacteria  (streptococci,  bacilli  Welchi,  colon,  typhoid  bacillus,  etc.) 
from  the  core  of  ordinary  mixed  gallstones  in  29  of  34  experiments,  but  found 
no  pathogenic  bacteria  in  4  pure  cholesterol  stones.  The  latter  are  obviously 
formed  by  a  more  rapid  type  of  precipitation,  although  we  do  not  know  the  fac- 
tors by  which  this  precipitation  is  brought  about.  We  know,  on  the  other  hand, 
that   "typhoid-carriers"   may   harbor  tyi^hoid   bacilli    in   their  gall   bladders   for 

*From    the    Mayo    Foiindation,    Rochester,    Minn. 
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many  years  Avithout  being  afflicted  with  cholelithiasis.  Since  the  cholesterol  con- 
tent of  the  bile  must  be  influenced  by  the  cholesterol  content  of  the  blood,  the 
study  of  the  latter  is  eminently  fitted  to  furnish  data  concerning  the  cholesterol 
metabolism  resulting  in  the  formation  of  gallstones. 

Apart  from  the  problems  'connected  with  cholelithiasis,  the  cholesterol  con- 
tent of  the  blood  appears  to  play  an  imixjrtant  part  in  growth,  both  normal  and 
neoplastic.  Robertson  and  Burnett  have  shown  that  the  rate  of  tumor-growth  in 
rats  can  be  materially  accelerated  by  intravenous  injections  of  cholesterol,  but 
that,  if  the  structure  of  the  cholesterol  molecule  is  changed  (by  transformation 
of  "'pure"  cholesterol  into  acetyl-cholesterol  or  cholesterol  chloride,  that  is  into 
"changed"  cholesterol)  the  tumors  will  no  longer  be  affected.  The  writer^"-^^  has 
repeatedly  called  attention  to  the  importance  of  the  blood  cholesterol  in  connec- 
tion with  cell  proliferation  and  was  recently^^  able  to  show  that  radium  treat- 
ment increased  the  amount  of  changed  cholesterol  in  the  blood  while  reducing  the 
pure  cholesterol.  The  mechanism  of  this  efifect  of  radium  is  still  by  no  means 
clear  (there  seems  to  be  some  relation  to  the  lym])hocytic  and  leucocytic  reaction  ), 
but  it  was  observed  that  those  patients  who  showed  the  greatest  increase  in  dif- 
ference between  their  pure  and  changed  cholesterol,  also  appeared  to  derive  the 
greatest  benefit  from  the  treatment.  This  observation  seems  specially  significant 
in  the  light  of  Robertson  and  Burnett's  investigations,  but  it  is  obvious  that 
massed  evidence  will  be  required  before  we  can  hope  to  understand  the  mecha- 
nism involved  in  the  relation  between  cholesterol  metabolism  and  malignant 
growth.  Further  observations  by  many  independent  workers  arc  therefore  ur- 
gently needed.     In  this  connection  five  points  should  be  emphasized : 

1.  The  nature  of  the  test  for  cholesterol. 

2.  The  importance  of  a  uniform  method   for  cholesterol   determinations. 

3.  The  source  of  the  cholesterol  intake. 

4.  The  factors  that  influence  the  blood  cholesterol. 

5.  The  ])ractical  results  to  be  expected  in  cancer  research  from  the  study 
of  cholesterol  metabolism. 

Nature  of  the  Test  for  Cholesterol. ^S'mce  cholesterol  is  a  definite  chemical 
entity  and  the  test  for  choleslerol  is  based  on  purel\-  clicmical  reactions,  the  con- 
dition under  which  determinations  are  made  nuist  control  the  \alues  that  are 
fovuid  in  our  determinations.  In  llie  literature  dealing  with  the  cholesterol  con- 
tent ot'  human  blood  in  lieallli  and  dist-asi',  there  exists  at  present  a  somewhat 
bewildering  lack  of  uniformity  as  regards  the  values  given  by  dift'erent  writers. 
In  manv  instances  we  find  the  most  contradictory  statements  concerning  the  bl(V)(i 
cholesterol  values  which  acconipany  pathologic  conditions.  Such  contradictory 
rci)f)rts  can  undoubtedly  be  explained  to  a  great  extent  h\  the  xarii-d  technic  u-^od 
for  the  determinations: 

1.  The  main    methods  use(l   for  the  extraction  of  the  blood  cholesterol. 

2.  The  fact  that  whole  hlodd  w:is  used  by  some  .md  onl\  blood  serum  by 
others. 

3.  The  relative  siienglh  or  nature  of  the  enlor  si.indaid  in  colorimetric  tie- 
terminations  (it  is  well  known  that  light  shades  can  be  matched  more  accurately 
than  darker  shades  of  ;iny  gixen  color,  and  that  the  cholesterol  standard  and 
blood  cholesterol  generally  haxi-  a  slightl)   ditVen-nl  tint  ). 
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-I.  'I'hc  ■■stiliiiL;"  of  ilic  ((iloiiinelc'r  for  the  staiuliivl,  hcc-iusc-  oi  its  influence 
on  tlu'  rt'l;iti\c-  (l(|illi   ot'  (oloi-  of  tlie  staiulard  solution. 

5.  Tlu'  tc'ni|K'r,itnrc  at  uliirli  tlu'  (jctciniinalioiis  were  made;  a  relatively 
liii^ii  tenipeialuic'  (33  C,  suf^f^esled  by  Autenrielli )  tentk  to  produce  lower 
wilues  than  does  looin  tenipiTature  ( KY  to  22'  C),  a  fact  to  which  f  hasc  called 
attention,'"  and   which  has  since  heen  c<»rrohorated  hy   I.loor.' 

().   The  time  (hninj.,'  whicii  the  tests  are  allowed  to  "ripen." 

7.  The  etVect  of  dayhght  on  the  color  reaction.  Tests  left  in  the  dark  as- 
sume a  ^■ellowish-,^^ecn  tone,  whereas  the  same  sample  will  be  hluish-j,'reen  when 
exposed  to  the  hi^dil  for  the  same  len^tli  of  time  and  at  the  same  temperature. 
The  color  of  the  standard  cholesterol  always  has  a  tendency  to  be  more  bluish 
(emerald  green)  than  the  blood  sami)le  and  the  respective  .shades  can  be  more 
accuratel\-  matched  if  the  tests  corresi)on(l  in  tone. 

Another  important  factor  to  which  1  also  recently  called  attention  is  that 
there  are  two  distinct  types  of  blood,  each  with  a  different  rate  of  color  reaction; 
the  rapid  and  the  slow.  '  The  rapid  type  reaches  its  color  maximum  ahead  of  the 
commercial  cholesterol  standard  and  fades  more  rapidly  than  the  latter.  The 
slow  type  reacts  less  quickly  but  retains  its  color  maximum  longer.  Unless  this 
peculiarity  is  duly  taken  into  account,  especially  when  extreme  representatives 
of  either  type  arc  being  tested,  the  values  recorded  will  not  be  in  accordance  with 
the  actual  cholesterol  content  of  the  sample.  Jaundiced  patients  usually  have  the 
very  slow  type  of  blood  because  of  the  bile  derivatives  present  in  the  circulation. 
It  has  not  been  possible  thus  far  to  determine  in  what  conditions  the  ver}-  rapid 
type  of  blood  is  most  frequent;  the  rapid  reaction  was  found  in  a  good  many 
cases  of  exophthalmic  goiter,  but  the  rapidity  of  the  cholesterol  reaction  did  not 
seem  proportionate  to  the  metabolic  rate  of  the  patient.  In  all  our  cholesterol 
determinations  special  attention  has  been  paid  to  the  rate  of  reaction  of  the  test, 
which  might  introduce  an  element  of  error.  Bloor  has  made  the  same  observa- 
tion and  states  that  "the  blood  cholesterol  behaves  differently  from  the  standard 
cholesterol.'"  A  permanent  standard,  would,  therefore,  undoubtedly  off'er  many 
advantages,  and  will  be  discussed  in  connection  with  the  need  of  a  standardized. 
uniform  method  of  procedure. 

The  blood  constituents  which  are  responsible  for  the  dift'erent  rate  of  color 
reaction  are  eliminated  to  a  greater  or  lesser  extent  according  to  the  method  used 
for  extraction.  They  may  be  looked  on  in  a  general  sense  as  "changed"  choles- 
terol, and  are,  in  piart  at  least,  closely  related  to  various  bile  deri\  atives.^- 

Importancc  of  a  Uniform  Tcchnic  in  Cholesterol  Determinations. — It  can 
not  be  emphasized  too  strongly  that,  unless  comparable  results  are  obtained  by 
many  observers,  it  will  be  impossible  to  establish  the  relation  of  cholesterol  metab- 
olism to  pathologic  conditions.  The  use  of  dift'erent  methods  for  clinical  ob- 
servations is  bound  to  result  in  conflicting  findings  and  has  undoubtedly  been 
responsible  for  the  conclusion  that  cholesterol  determinations  are  of  little  prac- 
tical value.  In  biochemic  studies  the  use  of  various  methods  offers  certain  ad- 
vantages, but  for  clinical  observations  a  uniform  method  of  procedure  would 
seem  a  sine  qua  non.  If  we  consider  the  clinical  data  supplied  by  hemoglobinome- 
trv,  the   truth  of  this   statement   will   straightway  be  apparent.      In   hemoglobin 
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determinations  the  actual  color  value  of  the  blood  may  be  influenced  by  the  pres- 
ence of  other  blood  constituents,  but  the  fact  remains  that  the  hemoglobin  test 
has  proved  a  valuable  asset  to  the  clinician. 

Bloor's  methods,  which  have  been  used  in  all  our  determinations,  seem  par- 
ticularly well  adapted  for  clinical  work,  as  they  have  two  advantages,  first,  the 
extraction  is  both  simple  and  complete,  and  second,  the  amount  of  changed 
cholesterol  can  easily  be  determined  by  means  of  parallel  determinations  with 
the  Bloor  I  and  Bloor  II  methods.  Since  systematic  observations  by  these 
methods  have  already  furnished  data  of  clinical  interest  with  regard  to  the  efifect 
of  radium  on  the  blood  cholesterol,^^  it  seems  highly  desirable  that  further  in- 
dependent observations  should  be  made  along  these  lines. 

A  detailed  outline  of  the  technic-"  used  in  our  cholesterol  determinations 
will  be  given  in  the  hope  that  it  may  be  of  use  to  others  working  with  cholesterol. 
The  outline  contains  suggestions  concerning  a  number  of  "pitfalls"  to  be  found 
in  cholesterol  determinations,  which  we  learned  to  recognize  while  determining 
the  cholesterol  content  of  more  than  1500  individual  blood  samples.  (^See  Tables 
I  and  II.) 

The  Source  of  Cholesterol  Intake. — Cholesterol  (Co-H^-OH)  forms  a  con- 
stituent of  every  mixed  diet.  Our  daily  food  is  therefore  a  perpetual  source  of 
cholesterol  intake.  To  compute  a  diet  that  is  entirely  free  from  cholesterol  but 
containing  the  requisite  number  of  calories,  as  well  as  the  necessary  amounts  of 
protein,  carbohydrates,  fat,  and  mineral  salts,  might  be  a  difficult  task.  Such  a 
diet  would  probably  be  very  unpalatable  and  it  is  doubtful,  to  say  the  least, 
whether  it  would  prove  beneficial  in  the  end."  Milk,  eggs,  and  butter  for  in- 
stance, which  even  when  we  do  not  use  them  in  pure  form,  are  yet  to  be  found 
associated  with  most  of  our  food  when  it  is  ready  for  consumption,  would  have 
to  be  eliminated  completely.  Table  III  shows  clearly,  however,  that  certain  food- 
stuffs contain  far  more  cholesterol  than  others. 

Whether  the  body  possesses  the  power  of  synthesizing  cholesterol  from 
cholesterol-free  material  is  still  a  matter  of  dispute.  Oatmeal  contains  no  choles- 
terol, yet  when  a  considerable  amount  of  oatmeal  is  consumed  the  blood  choles- 
terol values  are  markedly  increased.  This  paradoxical  phenomenon  is  still  un- 
explained and  so  far  as  I  know,  we  ha\  c  no  means  at  our  command  by  which  the 
problem  can  be  solved,  though  Icntalixc  ex[)]anations  lia\e  been  suggested  in 
vStudies  on  Cholesterol  IV. ^•''" 

Since  cholesterol  metabolism  a])i>ears  to  be  a  factor  in  malignant  conditions, 
however,  the  cholesterol  intake  in  our  food  would  seem  to  deserve  more  attention 
than  it  has  hitherto  received.  W C  know  lliat  in  diabetes  the  metabolism  of  the 
carbohydrates  is  impaired  and  thai  the  pancreas  of  the  diabetic  is  less  efficient 
than  the  normal  pancreas.  Josliii  has  shown  that  the  treatment  of  diabetes  con- 
stitutes one  of  the  triumi)hs  of  modern  mechcinc.  I'y  eliminating  or  restricting 
the  use  of  the  foodstuffs  that  the  diabetic  can  not  "handle,"'  patients  may  be 
kept  well  and  hapj)y.  Joslin  gives  the  histor\  ot'  a  man  (Case  ()2Q,  ]>.  559)" 
whose  condilion  was  C(jmplicate<l  1)\'  tnberrulosis  and  angina  pectoris  when  he 
came  under  (observation  in  1013.  but  "who  still  leads  an  active  life  at  the  age  of 
seventy-eiglit  years,  and  has  lately  taken  up  politics."  This  patient  had.  how- 
ever, been  kept  "under  close  super\ision  bv  a  devoted  nurse,  thoroughly  trained 
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in  (li.ilicti>.  "  It'  so  mm  li  ( ;m  hi-  done  for  dialx-tirs  hy  safcj^uarding  the  weak 
spot  in  their  mctaholisni,  it  st-cins  rational  at  lea^t  U)  try  to  lij^litcn  the  task  of 
rliolc'strrol  nictaholisni  for  cancer  patients  hy  a<lvi>in>^  them  to  avoid  ff^ods  that 
arc  rich  in  cholesterol.*  'iMie  cholesterol  content  of  the  Mood  can  be  increased, 
even  in  a  healthy  person  hy  the  consumption  of  a  j^reat  deal  of  meat  (Tig.  \}, 
and  that  ej,'^s.  with  their  iiigh  clKjlestcroI  content,  are  likely  to  have  the  same 
effect,  is  to  he  expected. 

In  diahctes  chemical  analyses  supply  the  means  hy  which  we  gauge  the  prog- 
ress or  the  exacerhati(jn  of  the  i)atient"s  c(jndition,  hut  .systematic  observations 
and  uniform  methods  had  to  he  employed  over  a  considerable  period  before  prac- 


Fig.     1.  — I'S:       'I'lu'    ].vr-.n:i\    ch.Av-tvr.A     -fan.lai.l    ..f    tlic    \\:l.-      ::    :       Jv:;,.-;      ;       ._      _.     :.!    _ 
tests    were    made    at    irregular    intervals    and    showed    practically    no    variations.      IJ:      The    lest    taken    the 
day   before   the    experiment   was   started. 

Grunner's  diet:  Milk,  water,  bread,  and  lettuce.  The  I'.loor  II  values  could  not  be  determined;  the 
tests  were  too  brown-green  because  of  a  great  amount  of  "changed"  cholesterol,  as  show^n  by  the  rapid  drop 
of   the   Bloor   I   values    (Bloor   I    solid    line,    I'.loor   II   dotted    line). 

Meat  Diet:  Aleat  was  used  exclusively  for  every  meal,  except  for  a  very  small  piece  of  bread  to 
"help  the  meat  down"  when  the  latter  became  very  repugnant.  +  Attack  of  diarrhea,  increasing  Bloor  II 
and  lowering   IMoor  I. 

I'egctable  diet:  \'egetables  and  fruit  exclusively,  tea  and  coffee  as  usual.  Observe  the  drop  of 
Bloor  I  values,  and  the  satisfactory  amount  of  "changed"  cholesterol  during  this  period  as  well  as  the 
gradual  decrease  of  the  changed  cholesterol  (vertical  line)  during  the  exclusive  meat  diet  before  diarrhea 
intervened,  and  that  no  diarrhea  occurred  on  the  vegetable  diet,  but  that  the  blood  settled  down  to  a  lower 
level. 

Mixed  diet:  Meat  twice  a  dav,  fruit,  vegetables,  tea  and  coffee,  no  alcohol:  the  usual  tvpe  of 
ordinary   mixed   diet.      Observe   that    the   blood   cholesterol    returns   to   its   former   level. 


tical  results  could  be  obtained ;  many  factors  besides  the  percentage  of  sugar  in 
the  urine  had  to  be  taken  into  consideration  in  order  to  reach  the  therapeutic 
successes  that  we  observe  today. 

In  carcinoma  systematic  observations  on  the  cholesterol  content  of  the  blood 
by  a  uniform  method,  and  in  connection  with  dietetic  and  therapeutic  measures 

*ITerc  again  massed  evidence  will  be  requircil.  At  my  suggestion  a  number  of  patients  have  reduced 
their  cholesterol  intake,  apparently  with  bcneticial  results,  but  sufficient  time  ha*  not  elapsed  to  warrant 
definite  conclusions.  IJIood  cholesterol  determinations  and  coTnplete  blood  counts  have  been  made  to 
check  up  the  condition  of  these  patients  a-id  the  results  thus  far  may  be  looked  on  as  promising.  The 
details  of  the  observations  will  be  published  later.  Bulkley  has  advocated  dietetic  measures  for  many  years 
and  has  recently  again  emphasized  the  metabolic  origin  of  cancer. 
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would  not  only  help  to  keep  us  informed,  but  also  very  materially   further  our 
understanding  of  the  causes  of  malignant  growth. 

Factors  That  Influence  the  Blood  Cholesterol — The  amount  of  changed 
cholesterol  present  in  the  blood  is  influenced  by  a  number  of  factors.  It  is  in- 
fluenced to  a  marked  extent  by  radium  treatment,  by  the  process  of  digestion 
(a  factor  that  may,  however,  be  easily  eliminated  by  taking  the  blood  before 
breakfast),  by  acute  bacterial  infections,  and  apparently  by  ulceration  and  hem- 
orrhage. This  shows  that  cholesterol  metabolism  is  influenced  directly  by  any 
process  causing  a  reaction  in  the  body-  that  is,  by  a  i)rocess  that  tends  to  in- 
crease the  metabolic  rate.     In  myxedema  an  inversely  proportional  relation  has 
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Fig.  2. — The  rilation  l)ctwtcn  tlu-  rate  of  Imsal  imtalmlisin  ami  tlic  cliolc-storol  content  of  the  hloml; 
observe  that  it  is  inver.sely  proportional.  Tlu-  i-alii  nt.  a  proiminuid  case  of  niyNcdenia,  went  home  per- 
fectly   well    after    the    administration    of    the    ihyrni.l    li.innone    (  K.n.laH's    thyroxin),    .=i    mg.    at    each    dose. 

l)cen  observed  between  the  cholesterol  content  of  the  blood  and  the  rale  of  bnsnl 
metabolism"  (I'ig.  2).  It  will  also  be  remembered  that  the  process  of  sponta- 
net)Us  regression  in  malignant  tumors,  whether  (he  turning  be  gralted  or  of  autog- 
enous growth,  is  usually  acconijianied  by  ulceration,  "sloughing"  or  hemor- 
rhage; that  radium  treatment  produces  these  symptoms  as  well  as  a  "gener.d  re- 
action" in  inanv  cases;  that  acute  bacterial  infections  (  sucli  as  erysipelas,  lor  in- 
stance) ofti-n  exert  a  <niali\c  inllueiuc  on  the  gmwlh  of  lum<»rs.  and  that  the 
rate  of  basal  metabolism  is  manifestly  increased  by  all  of  these  factors,  as  shown 
by  the  accr)inpanving  febrile  reaction.  C'onsetpienlly  recent  bacterial  infection, 
ulceration,  shtughing  ami  henion  Ikiucs  will  b;i\e  to  be  lakeii  into  .iccount  in  the 
rlinical  interpretatirni  of  our  cholesterol  values.  In  the  results  obtained  by  C  olev  s 
treatment,  the  "reaction""  plavs  a   prominent   part  ;   its  efVecl   on   the   relation  be- 
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twcfii  pure  and  cliaii,t,H;<l  rliolcvtcrol  in  llic  Mood  would  lhcrcf(M-c  seem  well  worlh 
invcstigatini^. 

In  this  connection  I  wish  to  caH  attention  to  tlie  sijjnificance  <>i  Rhoden- 
hurg's'"  analysis  of  302  cases  of  s]<ontaneons  recession  of  tumor  in  man.  I*or 
the  sake  of  convenience  Rohdenhurg's  Grou]>  lA  is  j^iven  in  tabular  f<jrm.  'I'his 
group  contains  43  cases  (25  of  carcinoma,  10  of  chorioepithclioma  and  S  of 
sarcoma)  all  sliowing  com])]ete  recession,  carefully  controlled,  'i'he  .sequence  in 
which  the  cases  are  given  in  Rohdenhurg's  article  has  been  observed  and  the 
different  types  of  tumors  (Tables  TV,  V,  VI)  have  merely  been  separated. 
The  importance  of  the  fact  tlial  these  tunKtrs  (hsa]ii)eared,  and  lliat  a  ])atient 
was  well  and  free  from  recurrence  for  a  period  as  long  as  three  and  a  half  years 
in  a  case  of  melanosarcoma  and  of  twenty-two  years  in  a  case  of  carcinoma,  can 
hardly  be  overestimated.  It  would  seem  conclusive  evidence  that  the  human  body 
is  capable  of  waging  a  successful  battle  against  malignant  disease,  for,  in  the 
instances  quoted,  this  battle  was  fought  and  won  under  the  most  untoward  con- 
ditions; in  some  cases  the  tumors  were  inoj)erablc  and  the  patients  were  sent 
home  to  die.  Their  condition  would  have  justified  the  most  pessimistic  prog- 
nosis; none  of  them  received  radium  treatment,  and  the  o])erations  that  are  re- 
corded were  for  the  greater  ])art  either  "palliative"  or  "inc(;m])lete."  Yet  tumors, 
as  well  as  recurrences,  disappeared  and  gave  no  more  troul)le. 

That  the  stimulation  of  the  metabolic  rate  played  some  part  in  these  recov- 
eries, is  suggested  by  the  following:  Among  the  cases  of  sarcoma,  bacterial 
infection  intervened  in  4  of  8  cases ;  one  case  of  chorioepithelioma,  a  "febrile 
convalescence  of  six  days''  is  especially  mentioned,  in  another  the  patient  "had  a 
temperature  of  41" C.  (106-F)  for  several  days."  No  febrile  reaction  is  re- 
ported in  the  carcinoma  group  that  showed  complete  recession,  but  the  reab- 
sorption  of  the  tumors  themselves  is  likely  to  have  stimulated  the  metabolic  rate, 
to  a  certain  extent,  since  the  reabsorption  of  body  i)roteins  (exudates,  hemor- 
rhage) is  almost  invariably  accompanied  by  a  rise  of  temperature  and  the  latter 
indicates  a  rise  of  the  metabolic  rate.  That  a  too  rapid  reabsorption  of  protein 
material,  by  overdriving  the  organism  as  a  whole,  may  become  fatal  lo  the  pa- 
tient is  illustrated  by  Case  3  in  Table  III.  In  the  other  instances,  however,  reab- 
sorption appears  to  have  been  less  precipitous,  and  being  more  gradual,  might 
have  insured  a  continued  stimulation  of  the  metabolic  processes  by  which  the 
chemical  conditions  in  the  body  were  eff'ectually  altered.  Be  this  as  it  may.  the 
fact  remains  that  in  ai)parently  hopeless  cases  the  patient  became  "clinically  well  ' 
(which  after  all  is  the  main  thing  from  the  patient's  point  of  view)  and  that 
they  did  so  under  conditions  well  calculated  to  increase  the  rate  of  their  basa' 
metabolism. 

Unfortunately  we  do  not  possess  at  present  any  data  obtained  by  modern 
methods  on  the  metabolic  rate  in  malignant  conditions.  I  am  beginning  to  col- 
lect such  data  but  thus  far  only  two  observations  have  l)een  available;  in  both 
instances  the  metabolism  ])ro\ed  to  be  somewhat  below  normal.  Two  observa- 
tions do  not  constitute  much  evidence  and  a  metabolic  rate  that  is  only  slightly 
below  normal  (8  and  11  per  cent)  may  seem  insignificant,  but  it  will  be  con- 
ceded that  even  a  slightly  subnormal  metabolic  rate,  existing  over  a  prolonged 
period — half   a   lifetime   maybe— may   as   eff'ectually   disturb   the    chemical    con- 
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ditions  under  which  the  body  cells  have  to  exist,  and  influence  the  cells  more 
potently,  than  a  marked  derangement  of  metabolism  covering  a  short  period. 
Systematic  observations  on  the  rate  of  basal  metabolism  in  carcinoma  before 
and  after  radium  treatment  in  connection  with  the  cholesterol  content  of  the 
blood  and  the  lymphocytic  reaction  (Murphy's  "lymphoid  defense")  should  there- 
fore be  looked  on  as  valuable  assets  in  the  study  of  the  cancer  problem.  It  is 
obvious,  however,  that  investigations  along  these  lines  can  not  be  carried  out  by 
a  single  person ;  here  again  massed  evidence  must  be  obtained  in  order  to  furnish 
conclusive  data. 

The  Practical  Results  to  he  Expected  in  Cancer  Research  from  the  Study 
of  Cholesterol  Metabolism.- — There  can  be  little  doubt  that  the  functional  in- 
efficiency of  one  organ  may  become  the  primary  cause  of  perverted  metabolism ; 
no  matter  whether  that  organ  has  become  inefficient  after  being  "damaged"  in 
some  way,  or  whether  it  was  originally  inferior  through  faulty  difi^erentiation. 
The  influence  of  thyroid  inefficiency  on  the  metabolic  rate  in  myxedema,  and  the 
inadequacy  of  the  pancreas  and  the  chemical  derangement  it  produces  need  only 
be  recalled. 

I  have  previously  suggested' "  that  the  hereditary  transmission  of  inade- 
quate organs  may  be  a  primary  factor  in  the  etiology'  of  malignant  disease.  Since 
we  admit  the  hereditary  transmission  of  external  features  (the  family  nose,  the 
Hapsburg  lip)  and  prove  our  belief  in  heredity  by  the  attention  devoted  to  our 
pedigreed  stock,  we  can  not  logically  deny  that  internal  organs  must  also  be 
subject  to  hereditary  transmission.  But  if  internal  organs  are  transmitted  thus, 
it  follows  that  their  inability  to  do  their  work  properly  must  also  become  the 
cause  of  faulty  metabolism  and  produce' abnormal  chemical  conditions  in  the 
body.  Nor  is  it  to  be  expected  that  the  composition  of  the  blood  should  be  nor- 
mal under  these  circumstances,  and,  since  the  blood  is  the  main  source  of  food 
supply  for  all  the  body  cells,  the  abnormal  chemical  composition  of  the  blood  is 
bound  to  affect  the  life  of  the  cells,  their  structure,  their  development  and  their 
rate  of  proliferation. 

In  carcinoma  we  have  not  yet  been  able  to  recognize  the  organ  thai  may  \>c 
chiefly  responsible  for  the  type  of  faulty  metabolism  that  can  incite  the  cells  to 
lawless  proliferation.  In  diabetes,  however,  we  know  one  organ  at  least  that  is 
unequal  to  its  task,  the  ])ancrcas.  Numerous  microscopic  sludios  have  failed  to 
reveal  any  striking  histologic  changes  in  the  ])ancreas  of  the  diabetic;  the  gland 
seems  to  be  merely  functionally  inefficient.  Moreover,  we  admit  that  diabetes 
"has  a  tendency  to  run  in  families"  (Joslin)  and  thereby  indorse  the  fact  of  the 
hereditary  transmission  of  the  iuadequate  gland.  Ry  systematic  observations 
on  the  chemical  featuns  that  characleri/.e  the  disease  and  which  are,  for  the 
greater  ])art  at  least,  due  to  ])ancreatic  inefliciency,  wc  are  now  able  to  jMolong 
the  life  or  add  to  tlic  comfort  of  diabetics  to  the  extent  described  by  Joslin.  Had 
the  same  .auiouul  nf  ni(i^\-  ll);it  li;is  l)i-cu  iIcmiIimI  to  llu'  study  of  chi'nitcal  and 
metabolic  details  in  diabetes,  been  similarly  i'nii)l()yt-d  in  cancer  research,  the 
verdict  "that  90  per  cent  of  those  in  wIhhi)  carcinoma  (levelo]")S.  succumb  to  the 
disease""  might  ne\fr  ha\c  been  indnonnced.  W'illuT  should  it  be  torgotten 
th;if  the  chemical  abnormalities  obserxed  in  the  blood  of  diabetics,  high  alka- 
linity, increased  sugar  content,  and  hypercliolesteremia,  are  also  found  in  car- 
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cinonia.^'  Moreover,  cancer  very  fref|uciitly  develops  in  diabetics  (Rf)hin,  Jos- 
lin),  whereas  it  is  said  thai  cancer  patients  rarely  acfjuire  diabetes.  Possibly 
the  latter  statement  nn^lil  lia\('  been  nKKJilicd,  if  onr  rjicniicrd  rlata  had  been 
collected  with  ecpial  care  in  both  diseases. 

It  would  be  oliviously  unwarranted,  as  well  as  foolish,  to  ascribe  a  common 
origin  to  conditions  that  difier  so  nuuh  in  their  manifestations  as  do  diabetes 
and  carcinoma;  but  a  fundamental  similarity  may  nevertheless  exist  Ijetween 
them;  namely,  the  functional  inefficiency  of  indivdiual  organs;  the  dissimilar- 
ity of  the  organs  that  were  ])rimarily  responsible  would  naturally  determine  the 
course  of  the  diseases  in  either  case. 

The  results  obtained  in  the  treatment  of  diabetes  are  sufiiciently  striking, 
however,  to  stimulate  our  efforts  to  discover  the  source  of  those  metabolic  dis- 
turbances that  promote  lawless  cell  proliferation.  Blood  cholesterol  determina- 
tions, made  systematically  in  conjunction  with  observations  on  the  rate  of  basal 
metabolism  and  on  other  chemical  constituents  of  the  blood  and  urine,  as  well 
as  the  cytology  of  the  blood,  might  reasonably  be  expected  to  further  our  knowl- 
edge in  this  direction.  The  study  of  the  "lipoid"  metabolism  is  as  yet  in  its  in- 
fancy, but  its  relation  to  carcinoma  seems  unquestionable  in  the  light  of  Robert- 
son and  Burnett's  investigations. 

It  is  for  this  reason  that  determinations  of  the  blood  cholesterol,  one  of  the 
chief  blood  lipoids,  should  have  a  place  in  cancer  research. 

TECH  NIC 

1.  Extraction. — The  ether-alcohol  extract  of  the  blood  is  prepared  accord- 
ing to  Bloor's  direction,  namely,  3  c.c.  of  blood  taken  from  the  cubital  vein  by 
means  of  a  graduated  syringe,  are  squirted  directly  into  75  c.c.  of  the  ether- 
alcohol  mixture,  (3  parts  95  per  cent  alcohol  to  1  part  ether  per  100  c.c),  well 
shaken  to  insure  a  fine  division  of  the  blood,  just  brought  to  the  boil  on  the  water- 
bath  the  bottle  being  shaken  slightly  all  the  time  to  pre\ent  overheating,  cooled  un- 
der the  tap  for  about  five  minutes,  and  then  filtered.  The  bottles  are  filled  up  to 
100  c.c.  if  the  tests  can  be  made  immediately,  otherwise  they  are  merely  corked, 
sealed  with  paraffin,  and  kept  in  a  cool  place  to  be  filled  up  before  the  tests  are  to 
be  made.  This  routine  was  adopted  for  the  sake  of  greater  accuracy,  as  the  ether 
is  bound  to  evaporate  somewhat  and  thereby  increase  the  concentration  of  the 
extract.  Observations  have  shown  that  most  extracts  will  remain  unchanged  for 
from  one  to  six  months ;  others,  however,  show  variations  in  the  relation  of  the 
changed  and  the  pure  cholesterol,  due  presumably  to  a  disintegration  of  the 
cholesterol  molecule,  so  that  it  is  safer  to  make  the  tests  as  soon  as  possible  after 
the  blood  has  been  drawn.  We  do  not  use  citrate  and  have  not  had  any  trouble 
through  clotting  of  the  blood.  Sodiuni  citrate  appears  to  afifect  the  cholesterol 
values  in  some  types  of  blood  (no  explanation  can  be  oifered  for  this  observation, 
but  the  matter  is  being  investigated)  ;  we  have,  therefore,  discarded  its  use  in 
order  to  insure  similar  conditions  for  all  our  tests.  The  extracts  are  kept  in 
graduated  100  c.c.  bottles,  care  being  taken  that  no  increase  of  concentration  has 
occurred  in  samples  that  are  to  be  retested  after  weeks  or  months. 

For  the  Bloor  I  tests,  2  c.c.  of  sodium  ethylatc  (3  gm.  of  metallic  sodium 
dissolved  in  100  c.c.  of  absolute  alcohol)  are  added  to  each  10  c.c.  of  ether-alco- 
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hol  extract;  for  the  Bloor  II  tests,  no  sodium  ethylate  is  added.  We  use  30  c.c. 
of  the  extract  for  each  deterniination,  so  as  to  ha\e  enough  material  for  three 
tests  in  each  case.  The  extracts  are  measured  into  beakers  and  evaporated  to 
dryness  on  a  water-bath.  As  soon  as  they  are  dry  the  samples  are  taken  off  the 
water-bath,  to  avoid  o\erheating,  and  left  to  cool  for  from  fifteen  to  twenty 
minutes.  The  residue  in  the  beakers  (a  faint  yellow  layer  in  the  Bloor  I,  but 
hardly  visible  in  the  Bloor  II  samples)  is  then  extracted  three  times  with  small 
quantities  of  dry  chloroform.  Any  trace  of  water  in  the  chloroform  interferes 
with  the  subsequent  color  reaction.  We  have  found  it  convenient  to  keep  the 
chloroform  in  a  wide  glass  bottle  into  which  has  been  placed  a  quantity  of  calcium 
chloride;  the  chloroform  is  filtered  before  it  is  used.  Each  10  c.c.  of  the  ether- 
alcohol  extract  should  ])ro\ide  (^  c.c.  of  chloroform  extract  when  the  three  ex- 
tractions have  been  added  together,  a  total  of  18  c.c.  of  chloroform  extract  being 
obtained  when  30  c.c.  of  ether-alcohol  extract  is  used  per  sample  a>  in  our  deter- 
minations. 

2.  Color  Reaction.- — To  6  c.c*  of  the  chloroform  extract  are  added  2  c.c.  o' 
acetic  acid  anhydrid  and  0.2  c.c.  of  water- free  concentrated  sulphuric  acitl.  W  e 
use  ordinarv  test  tubes,  and  shake  the  chloroform  and  reagents  well  to  insure 
th(jrough  mixing.  We  have  found  that  the  use  of  0.2  c.c.  instead  of  0.1  c.c.  as 
generally  recommended,  has  the  advantage  of  producing  a  tone  of  green  that  can 
be  matched  more  readily,  but  does  not  influence  the  cholesterol  \  alues  !  the  same 
amounts  of  the  reagents  are.  of  course,  added  to  the  cholesterol  standard  ).  Since 
the  colf)r  reaction  is  due  t(»  oxidation,  it  seemed  possible  that  the  use  of  more 
sulphuric  acid  might  increase  the  amount  of  changed  cholesterol.  This,  however, 
is  not  the  case.  On  the  contrary,  in  a  series  of  some  20  samples  tested  both  with 
0.1  and  with  0.2  c.c.  of  sul])huric  the  amount  of  changed  cholesterol  was  slightly 
higher  with  onl\-  0.1  c.c.  in  ^ome  ca>e>,  though  it  was  not  altered  in  the  majority  ot 
them,  'i'his  observatit^n  is  important,  because  in  a  series  of  determinations  of 
the  l)lof)d  cholesterol  in  carcinoma  of  the  cervix  before  radium  treatment  we  had 
founfl.  nuich  to  our  >urprise.  th.'it  the  number  of  p.itients  w  hosi-  blood  g.i\e  e(]ual 
values  with  the  I'.loor  1  and  II  tests  was  \ery  small,  wherea>  in  the  series  ]»re- 
viously  reported,''  including  di\erse  localization  <tt  the  disease,  the  percentage  of 
ef|ual  values  had  been  high  (5'i  per  ciiit  I.  Since  the  use  of  more  sulphuric  acid 
Jcs.sens  the  changed  cholesterol  but  certainly  doi-s  not  incri-ase  it.  the  beh;i\ior  o' 
the  blood  in  carcinoma  of  the  cei\ix  (  n.iniely.  tin-  relati\el\  big  amounts  of 
changefl  cholesterol)  can  not  be  due  to  our  technic,  but  must  be  due  to  other 
factors.  ,\s  m<»st  «»f  the  patients  sulVering  from  carcinoma  of  the  cervix  li.id  a 
historv  of  severe  bemorrh;ige  or  of  ulceration,  these  two  factor>  would  seem  to 
inlluence  the  amount  <if  changed  cholesterol  in  the  blood. 

3.  Tiuhiiir  (  si(l  ill  the  Trst.  Aflti  the  reagents  aie  added,  the  test  tubes 
are  left  exp(tsed  to  the  light  at  room  tiinperature  (  2()  to  23  C)  fo|-  (i\e  minutes; 
this  enables  us  to  watch  the  rapidity  of  the  coloi-  reaction  as  compared  with  the 
standar<l  cli«»lesterol  and  lieljis  us  to  <leci<le  whether  the  bloo(l  s.-mipU-  is  ot  the 
slow  or  of  the  rapid  l>pe.  It  also  c.iuses  the  tests  to  asstnne  a  tint  of  green  that  is 
more  easil\  matched.  ,\fter  live  mituites  the  tests  ,»re  pouted  fioni  the  test 
tuht'S  into  the  colorimrter  containers.     Idlorimelric  re.idings  are  n)a<le  .it  .i   fvw 


'Six   r.r.   Ir«t«   wrrr   <irii(iiinlly    ff cconimrnrlrd   liy    llloor.      NVr   «rr   »i»iii|i   llirm   a*   lhi«   nrratrr    voliiinr 
■aliilfAclnry   in   the   larifP    llnlir.mi.)   <  cil.uinirlrt  ;    llir    oliiiiurr*    ill!    iinl    art    lint    uf    llinr    ilrplll   111    *ani|>lr« 
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minutes'  interval  from  5  to  15  niiiuiles  after  the-  rcaj^ents  are  added.  'J'iie  readinj^ 
which  persists  al  leaNt  four  U\nv>  is  rec(jrdc(l  a>  the  niaximiini  \alue.  'I'he  choles- 
terol stan(lai-(l  begins  to  fade  in  alioul  t\vcnt\  minute^'-  and  for  tiiis  reason  we 
never  use  a  standard  tlial  is  morr  than  lifteen  minutes  old.  The  reagents  should 
he  added  to  the  standard  and  to  the  sample  as  nearl\-  sinndtaneously  as  jiossihk-. 
and  a  fresh  stanclard  should  he  used  for  each  sample.  Tahle  1  has  heen  found  a 
ii[reat  C()n\enience  in  our  determinations,  as  it  gives  the  cholesterrjl  values  in  milh 
t^'rams  per  100  c.c.  din-cti}-  from  the  colorimetric  reading. 

7-  Pcr))iaiiciit  Standard  S(diitiou  "A'AM/." — Lately  we  ha\e  made  oh>er\a- 
tions  witli  a  permanent  standard,  the  color  \  alue  of  which  corresjionds  with  the 
cholesterol  standard  given  in  'i'ahle  I.  This  standard  solution  and  the  pure  Xai>h- 
thol  Green  B  Solution  recommended  hy  (lorham  and  Myers  can  only  he  called 
"permanent"  in  a  restricted  sense;  the  solution  itself  will  keep  unchanged  in  the 
hottle,  even  when  exposed  to  light,  hut  the  portion  of  it  used  in  the  colorimeter 
and  thereby  exposed  to  fumes  of  the  reagents,  changes  its  tone  and  decreases  in 
•color  value.  This  is  especially  true  if  the  closed  Koher  colorimeter  is  employed. 
Those  who  work  with  the  latter  instrument  will  have  observed  that  a  strong 
odor  of  acetic  anhydride  is  retained  in  the  instrument  for  some  time  after  the 
tests  have  heen  taken  out.  As  our  containers  and  plungers  were  cleaned  with 
special  care  and  washed,  first  in  a  strong  solution  of  s(jdium  bicarbonate,  then 
repeatedly  with  distilled  water  to  remo\e  all  trace  of  acid,  actual  contact  with 
Ticid  can  not  be  res|)onsible  for  this  deterioration  of  the  Xaphthol  Green  B,  or  of 
the  NBIVI  standard  solution,  which  will,  of  course,  result  in  inaccurate  readings 
if  the  standard  is  looked  on  as  truly  permanent.  We  have  found,  however,  that 
satisfactory  and  reliable  results  are  obtained  if  the  standard  solution  is  renewed 
after  each  two  or  three  samples  ha\e  been  tested.  As  in  all  our  observations 
7)arallel  determinations  are  made  with  two  colorimeters,  a  standard  cholesterol 
solution  being  used  in  one  of  them,  while  the  reliability  of  the  aqueous  standards 
was  being  checked  u]),  it  was,  of  course,  relatively  easy  to  discoxer  when  the 
tiqueous  solution  began  to  "go  ofif."  For  those  who  only  use  one  colorimeter,  we 
would  recommend  changing  the  aqueous  standard  fairly  often  to  insure  the 
•greatest  accuracy.  Even  so  the  use  of  the  aqueous  standard  will  be  found  to  b^ 
Tioth  convenient  and  economical.  The  XBM  standard  solution  has  a  decide  ' 
advantage  in  our  estimation  when  comjiared  with  the  pure  Xaphthol  Green  B, 
inasmuch  as  the  latter  is  yellow  green  in  tone  and  is  nuich  more  difficult  to  match 
to  the  more  bluish  green  of  many  of  the  blood  samples,  especially  if  the  tes^s 
are  left  exposed  to  the  light  during  the  process  of  ripening  as  1  ha\e  recom- 
mended. 

Formula  of  the  NBM  Standard  Solution. — XB  stock  .solution;  Xaphthol 
Green  B,  0.5  gm.  to  100  c.c.  of  distilled  water  (0.5  per  cent  solution)  ;  M  stock 
solution;  methyl  blue,  ()0  mg.  to  100  c.c.  of  distilled  water  (0.06  per  cent  solu- 
tion).* NBM  standard  solution:  1  c.c.  of  XB  stock  solution  ;md  1  c.c.  of 
M  stock  solution  to  200  c.c.  of  distilled  water,  v'^tock  solution  XI'  should  be 
added  first  to  the  200  c.c.  of  distilled  water,  well  stirred  or  shaken,  after  which 
istock  solution  M   is  added;  if  both  stock  solutions  are  mixed  before  dilution  a 


*Our  Stock  Solutions  were  made  up  iu  December,  1917,  and  have  been  found  to  be  unchanged  by 
testing  them  at  intervals  of  several  months  against  pure  cholesterol  standards  up  to  the  present,  January. 
1919.     They   have  lieeii   exiiosod   tc   thi'   lltdit   all   the  tlmi. 
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precipitate  is  apt  to  form  which  can  be  prevented  if  the  naphthol  green  is  diluted 
before  the  methyl  blue  is  added. 

In  Table  II  a  series  of  tests  is  shown  which  were  made  to  ascertain  the  re- 
liability of  the  NBM  standard.  If  we  consider  that  the  figures  given  in  Table 
II  represent  independent  readings  by  three  observers,  and  that  the  reaction  for 
cholesterol  is  a  progressive  reaction  in  which  the  color  formation  may  be  slightly 
more  rapid  in  some  blood  samples  than  in  others  (although  no  "very  slow" 
specimens  are  included  in  this  series)  the  element  of  error  in  the  readings  is  very 
small,  on  an  average  of  3  mg.  per  100  c.c. 

The  fact  should  be  taken  into  account  that  some  1500  individual  blood 
samples  have  thus  far  been  tested  by  me  and  my  two  helpers,  which  represents 
a  total  of  between  eighty  and  ninety  thousand  readings,  six  tests  being  used  for 
each  sample  and  about  ten  readings  for  each  test ;  consequently  the  opportunity 
to  train  our  color  vision  has  not  been  lacking, 

SUM^MARY 

1.  The  test  for  cholesterol  is  not  a  diagnostic  test,  but  furnishes  information 
concerning  cholesterol  metabolism;  it  will  therefore  furnish  information  about 
the  disturbances  of  cholesterol  metabolism  connected  with  cholelithiasis  and 
carcinoma,  for  instance. 

2.  Cholesterol  metabolism  is  inllucnced  by  the  rate  of  basal  mctaliolism ;  it 
was  found  to  be  inversely  proportional  to  tlie  latter  in  myxedema. 

3.  The  reaction  for  cholesterol  is  a  purely  chemical  reaction;  technical  pro- 
cedures play  a  prominent  part  in  the  results  obtained.  Consequently  the  method 
of  extraction  and  the  conditions  under  which  the  color  reaction  takes  place  de- 
termine the  values  found  in  blood  cholesterol  determinations. 

4.  In  clinical  work,  intended  to  promote  our  knowledge  concerning  the  re- 
lation bciwicn  the  cholesterfil  content  of  the  blood  and  pathologic  conditions,  a 
uniform  mellKjd  of  ijrocedure  should  be  adopted  fur  cholesterol  determinations, 
since  this  al(;ne  will  insure  conii)aral)k'  lindings.  A  detailed  account  of  the  tech- 
nic  used  in  our  determinations  is  given,  because  this  technic  is  based  on  the  de- 
termination of  mure  than  1.^00  individual  IiIikkI  sain])lrs,  which  enabled  us  to 
recognize  and  eliminate  many  elements  of  error  in  the  course  of  our  work. 

5.  The  cholesterol  content  of  the  blood  is  influenced  by  a  munber  of  factors, 
(he  nature  of  the  diet,  the  rate  of  basal  metabolism,  radium  trealmenl.  bacterial 
intection  (ulceration,  infectiotis  disease),  and  hemorrhage,  'i'hese  factors  should 
be  duly  considered  in  the  clinical  interpretation  of  blood  cholesti-rol  values.  The 
cliolesiertd  conlenl  ol'  ihe  blood  is  intimately  relatecl  to  li])oid  metabolism  and  the 
blood  cholesterol  can  be  inlluenced  by  dietetic  measures. 

(}.  It  is  known  thai  the  ineriiciency  of  an  indi\i(jnal  organ  can  give  rise  to 
a  particular  type  of  metabolic  disturbance;  inefficiency  of  the  thyroid  results  in 
niy.xefjema,   pancreatic    inefficiency    in   diabetes. 

7.  'J'liere  can  be  little  <loubt  that  an  intimate  relation  exists  between  <lis- 
tinbances  of  the  <  holesUidl  metabolism  and  the  lawless  prolifcrnlion  of  cells  that 
we  observe  in  carcin«»ma.  although  the  organ  that  is  initially  responsible  for  these 
disturbances  has  not  yet  been  recognized. 

8.  The  results  obtained  in  the  treatment  of  diabetes  show  what  can  be 
achieved  in  the  face  of  organic  inefficiencv.  antl  these  results  ha\e  been  obtained 
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by  means  of  chemical  investif^alions  and  by  cUetetic  measures  calculated  to  coun- 
terbalance the  inefficiency  of  the  pancreas,  whereas  the  histologic  study  of  the 
latter  did  not  materially  advance  our  knowledge  in  the  treatment  of  the  disease. 
9.  The  fact  that  in  a  nnnilx-r  of  carefully  controlled  cases,  the  tumors  re- 
ceded and  the  patients  becanic  "clinically  well,"  althfjugh  their  condition  had  been 
pronounced  "hopeless,"  constitutes  ])n)of  j.ositive  that  the  human  body  can  wage 
a  successful  battle  against  niali<;nant  disease. 

Tahm',  I 
CHART  FOR  BLOOD  CHOLESTEROL  DETERMINATIONS 

CiVING    THE    ChOLESTKROL    VaMK     IX     MC.     PKR     ICO    C.C.     DlRlXTLV     I-ROM     THE     Coi.ORI  METRIC 

Reaiuxg 
Standard:   0.4   mg.   cholesterol   to   6  c.c.   of   chloroform.*      (This   concentration    har- 
monizes best  in  color  with  the  value  found  in  human  bloofl;.     The  NBM 
permanent  standard  is  equally  satisfactory   (for   formula  see  text). 
Set  at:     10.  mm. — Colorimeter:     Duhoscq  and  Kober. 

Cholesterol  values  in  mg.  per  100  c.c.  of  whole  blood 
mm     1       2.        3.       4.      5.       6.        7.      8.       9.      10.     11.     12.     13.  14.  15.  16.  17.  18.  19.    20. 
1332    666    440    333    267    222    191    167    148    133    121    111    102    95    89    83    78    74    70    67 
mm.    mg.  mg.  mg  ^-  -^• 

0.1  1210  636  430  326  261  218  188  164  146  132  120  110  102  95  89  83 
0.2  1110  603  417  318  259  216  186  163  145  131  118  109  101  94  88  82 
0  3    1020    580   410    310   251    212    183    162    144    129    117    108    100   93   88   82    77    71   69   66 

H.N. 
950    555    392    304    249   208    180    159    142    128    117    107      99    93   87    81 
895    533    380   296   241    204    177    157    140    127    116    107 

high 
&40    515    370   290   238   202    175    156    138    126    115    106 
785   495    360   284   234   200    173    154    136    125    114    105 

except 
745    477    352    278   230    198    171    152    136    124    113    104 
705    460   341    272   226    194    169    150    135    123    112    103 


0.4 
0.5 

0.6 
0.7 


0.8 
0.9 


99    93    87  81    76    71   68   65 

98   92    86  80 

98   91    85  80    75 

97    91    85  79 

96   90    &4  79    74    72    67    76 


mg.  mg.    mg.  mg.  mg.    mg.  mg.  mg.    mg.  mg.    mg.  mg.  mg.  mg.  mg.mg.mg.mg.mg.mg. 


21.     22.     23.     24.     25.     26.     27.     28.     29.     30. 


0-5 


63 
61 
mg. 


60 
59 


58 
57 


55 
54 


53 

52 


51 
50 


49 
48 


48 
47 


46 
45 


44 
43 
mg. 


Values  below  63  mg. :  rare  in  hu- 
man blood  but  usually  found  in 
goat's  blood. 


mm.     40.     45.     50.     60.     70.     80. 


2il     30     27 
mg. 


21       19 


17 
mg. 


These  values  do  not  occur  in  blood  but  were  used 
in  color  determinations  of  "bile  derivatives." 


The  designation  of  "normal"  (70-100  mg.  per  100  c.c.  of  whole  blood)  is  based  on  the 
use  of  The  Bloor  I.  Method,  with  the  "standard"  and  setting  of  the  colorimeter  mdicated 
above.  Values  between  100-140  mg.  usually  were  found  to  occur  in  inflammatory  conditions 
(digestion  of  course  being  excluded  for  every  test)  :  we  refer  to  them  as  "increased." 

Values  between  140-200  are  referred  to  as  "high"  values  with  the  Bloor  I.  Method.  \  al- 
lies over  200  mg.  were  only  observed  in  a  few  cases  so  far  (3  cases  of  myxedema,  one  Ca) 
they  have  therefore  been  called  "exceptional"  in  our  determinations. 

In  carcinoma  "high"  values  are  the  usual  finding,  though  "increased"  and  (rarely) 
normal  values  have  been  observed.  "Equal  values."  viz.,  identical  with  the  Bloor  1. 
and  II.  method  were  found  in  56  per  cent  of  the  cases  of  carcinoma  who  were  to  have 
radium  treatment.  , 

After  Radium  treatment  the  Bloor  I.  values  were  found  to  drop,  whereas  the  Uloor 
II.  values  increased,  causing  the  "equal  values"  to  disappear.  No  "equal  values  '  have  been 
found  so  far  in  non-malignant  cases.  .  .     . 

N.  B.— It  should  be  remembered  that  the  cholesterol  test  is  not  a  diagnostic   test;  it  is 
merely  a  "clinical"  test,  like  the  test  for  albumen  in  the  urine. 

^ck   Solution    (A)  =200   mg.   of   cholesterol   in    100    c.c.    of   pure   cliloroform. 
Standard     "      (B)  =10  c.c.  of  A  made  up  to  150  c.c.   with  pure  chlorotorm. 
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10.  Investigations  tending  to  elucidate  the  factors  that  connect  Hpoid  nietab- 
ohsm  with  maHgnant  proliferation,  may  enable  us  to  do  as  much  for  cancer  pa- 
tients in  the  future  as  we  can  already  do  for  diabetics.  Massed  evidence  col- 
lected bv  means  of  uniform  procedures  will  be  needed  to  attain  this  end.  Blood 
cholesterol  determinations  are  a  means  by  which  our  knowledge  concerning  lipoid 
metabolism  can  be  increased ;  hence  they  deserve  a  place  in  cancer  research. 

Table  II 
Tests  Made  With   NBM  Permanent  Standard 

1.  "Standardizing"    of    the    Duboscq    and    Kober    colorimeter    against    each    other    with    ordinary    cholesterol 

standard. 

One  side  of  the  colorimeter  is  used  exclusively   for  the  standard  and   marked  S. 

Double  samples  of  the  standard  cholesterol   are  jjrepared   and   one   ot   these   is   used   as  "unknown,"    in 

both  the  Duboscq  and  Kober. 

Standard    set   at    10   mm.,    "unknown"    reads    10    mm.,    3    times   by    three    observers. 

This    shows    that    both    Kober    and    Duboscq   give    identical    readings. 

2.  Duboscq:      Cholesterol   standard   5   to    10  minutes   old,    set   at   10   mm. 

Xl'M  used  as  "unknown." 

Readings:      10.1    mm.    10.   mm.    10.;   9.9   mm.    10.   mm.    10.1;    10.1    nun.    10     mm.    10.    mm.    = 
133  mg.   132  mg.    135  mg.    133   mg.    132   mg.    133   mg. 

3.  Kober:      Procedure   as   above,   readings   vary   within   same    limits,    between   three    observers. 

4.  Kober:     NBM  standard  set  at  10  mm. 

blood  sample  as  "unknown." 
Sample  A  Duljoscq:     Cholesterol  standard  at   10  mm. 

blood   sample  used  as    'unknown." 

Bloor  I     20  mm.   20  mm.    19.9  mm.   19.9   mm 19.9  mm.   19.9  mm.   19.9   nun.   20  mm.  = 

1,7   mg.  67   mg.  o7    mg.  >./    mg. 

Bloor   II      11.3   mm.    11.   mm.    11.1    mm.    11.    :nm 11.  mm.   11.2  mm.    11.   mm.    11.   mm.  — 

117    mg.    121    mg.    120   mg.    121   mg.  121   mg.    IKS   mg.    121    mg.    121   mg. 

Sample  B 

Jiloor  II     9.2  mm.  8.2  mm.  8.8  mm.  8.8  mm.  8.1   mm.   8.8  mm.   8.7   mm.    8.8   mm.  = 

145  mg.   152  mg.   152  mg.  152  mg.  164  mg.    152  mg.   154  mg.   152  mg. 

Sample  C 

Bloor    1      11.7   mm.    11.7   n:m.    11.7   mm.    11.7   mm 12  mm.   11.9  mm.    11.9  mm.   12  mm.  = 

114  mg.    114  mg.    114   mg.    114   mg.  Ill   mg.   112  mg.   112   mg.    Ill   mg. 

Bloor  II     9.   mm.   8.9  mm.   8.8  mm.  8.9  mm.  9.1   mm.   8.8   mm.  9.1   mm.  8.7   mm.  — 

148   mg.    154  mg.    152  mg.    150  mg.  ■  146  mg.   152  mg.    14b  mg.    154  mg. 

Sample  D,  A  mixture  of  all  the  remnants  of   I'.loor  I   aad  Bloor  II   tests  made  that  morning  of   which 

the  cholesterol  value  was  naturally   beyond  guessing. 

10  mm.   10.1   mm.  10.2  mm.  10.1  mm.  10  mm.   10  nun.   10.1   nun.    10  mm. 

133  mg.  132  mg.  131  mg.  132  mg.  133  mg.  133  mg.  132  mg.  133  mg. 

Table  HI 

Cholesterol  V.\li"E  or  Fonn 

(Mg.  Cholesterol  per  100  c.c.  or   ICO  gm.) 

iMKTHOl) 
THREE  CM.    SAMPLE  BLOOR    1  HLOOR    II 

YoIk  of  egg   (raw)  888  888 

Yolk  of  egg  (hard  Ix.ilcd)  888  888 

Butter  157  298* 

Chicken    (roasted    l)reast)  127  127 

lieef    (raw)  53                  S3 

P,eef   (roast)  63                  o3 

Beef   (smoked,    saHcd.    riried)  60                  83** 

Fish,  black  bass  83                  S3 
***\riishr(K)ms   (plain  cooked,  agaricns 

canii)estris)  140  1(>2 
Mushrooms  (stewed  in  Imltcr.  another  hatcii 

of   agaricus   campestris)  70                  (0 

Cream   (raw)  61                   <il 

Milk    (raw)  28                  28 

Oatmeal    ("porridge"    boiled)  0                    0 

•I'rolialily   due  to   sonic  colt(ring  matter,   fliminateii   in    Bloor   1   by   .siidiiini   cthylate. 

"Reddish  tone  of  ether  nlcrihnl  extract  xiiKKesIs  colorinK  matter,  eliminated  in  liloor  I  by  sotlinni 
elhylaic. 

'"MuHhrooms  contain  iihytosterol,  a  siilmlancc  alliei!  fi.'  clinlcslcrol.  bnl  itwc  the  Kieen  reaclioii  with 
Ihc  usual  rcaKciits,  the  lower  value  with  Bloor  11  is  an  unu>u.'il  pheiionuMion,  fi>i  which  no  cNplaiiatiim 
can   be   oflercil;    prnbably   due    to    the    phylostcrol    itself. 
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Tahuk  IV 

vSarcoma  :  8  Casks 

*(jR()ri'    lA   CoMiM.KTK   Rf.ckssiox,  Carki-lij.v  Coxtkoluku 


UESCRIPTION 

OF    FIRST    FINDINGS 

TIMK    ELAPSED 

UNTIL    SECOND   FINDINGS 

Melanosarcoma 
back-axilla 

Primary      tumor      involve- 
ment   of    axilla    removed 
by  operation 

3'/2  years 

Still     free     irom    recur- 
rence 

Round     cell      sar- 

Chin,       operation,        recur- 

Xo   time   given 

Spontaneous       recession 

coma,    chin    cer- 

rence   in    right    and    left 

after  erysipelas  of  re- 

vical glands 

cervical      glands.         Left 
cervical   removed 

maining    nodules 

Round     cell      sar- 

Operation,    recurrence,     in- 

13  months 

X'o       recurrence,       rem- 

coma, axilla 

complete    curetting 

nants    of    tumor    dis- 

■"Sarcoma."    axilla 

Many      metastases ;      preg- 
nancy  followed   by   aI)or- 
tion 

Xo    time   given 

ai)i)eared      after      ery- 
sipelas 
Tumors          disappeared, 
died  six  weeks  later 

Fibrosarcoma 
skull 

Secondary   deposits,    partial 
removal 

X'o    time   given 

All    tumors    disajipcared 

Round   cell    sarco- 
ma of  the  breast 

Many  metastases   in   subcu- 
taneous tissues 

X'o    time   given 

All     neoplastic     deposits 
disappeared        after 
acute       infection       of 

Lymphosarcoma 
behind  the  car 

Inoperable 

X'^o  time  given 

lung    (pneumonia?) 
Complete  recession  after 
inoculation    with    ery- 
sipelas 

One  case  of  melanosarcoma  showed  regressive  changes  but  "changes  did  not  progress 
to  the  degree  of  clinical  manifestation." 

*Rohdetiburg,    G    A,.:       Fluctuations    in    the    Growth    Energy    of    Malignant    Tumors    in    Man,    with    Especial 
Reference   to    Spontaneous   Recession,   Jour.    Cancer   Research,    1918,    iii,    193-225. 


Tabi.f  \' 

Chorioi;pithei.iomas. — 10  Cases 

^Group  IA  Complete  Recession,  Carefully  Controlled 


DESCRIPTION     OF     FIRST     FINDINGS 

TIME  ELAPSED  UNTIL  SECOND  FINDINGS 

i'undus   uteri   perforated,   bladder   involve- 

16 

months 

Patient     well,     no     mass     pal- 

ment, part  of  tumor  attached  to  bladder 

pable  (febrile  convalescence 
of  6  davs) 

Uterine    wall    perforated,    pelvic    involve- 

1 

year  + 

At  autopsv  no  recurrence  was 

ment  ;  incomjjlete  removal 

demonstrable 

Invasion  of  uterine  muscle  ;  curettage 

1 

vear 

Patient  well 

Cherry-sized     tumor,     posterior     wall,     tu- 

10 

weeks 

Curetting,     no     abnormal     his- 

mor   removed 

1  vear 

tologv 

Patient  clinicallv  well 

Nodule    in    vagina    removed,    recurrence   2 

10 

months 

Patient  well 

weeks   later,   suppuration   and   disappear- 

ance 

Nodules    in    vaginal    wall    and   uterus,   2^ 

10 

months 

No  evidence  of  recurrence 

years  after  hvdatidiform  mole  had  been 

delivered  ;   nodules   removed 

Chorioepithelioma,     curetted,     temperature 

29 

davs  later 

Second   curetting,    negative 

106   (41°    C.)    for  several  days. 

Subsequently  bore  two  healthy 
children 

Abortion   at   /J/j    months,    curetted 

1 

year 

Tumor   and   metastases    disap- 

Metastases   shortlv    after.      Sent    home    to 

peared 

die    (case  Horman) 

Subsequently  normal  preg- 
nancy 

In  the  two  remaining  cases  no  malignancy  was  found  after  curettement  in  serial  sec- 
tions of  the  uterus  removed  by  hysterectoni}  onl}-  a  short  time  afterwards  ;  consequently 
they  hardly  constitute  evidence  of  regression. 

''Rohdenljurg.    G.    L. :      Fluctuations    in    the    Growth    Energy    of    Malignant    Tumors    in    Man,    with    ]-!special 
Reference    to    Spontaneous    Recession,    Jour.    Cancer    Research,    1918,    iii,    193-225. 
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Table  VI 

Carcinoma — 25   Cases 

^Group  IA  Complete  Recession,  Careeully  Controlled 


LOCATION    OF    FIRST    FINDINGS 


Stomach ;  Advanced,  widespread  peritoneal 
metastases,  ascites 

Tonsil-tongue  :  So  extensive  as  to  be  in- 
operable. Not  treated,  mouth  wash,  sent 
home  to  die 

Breast:  Amputation,  1904,  recurrence, 
1906,  August  (x-ray),  practically  mori- 
bund  until   December,    1906 

Breast :  Amputation,  recurrence  in  scar, 
metatases  in  liver 

Uterus  :  1  fundus,  2  cervical,  all  inopera- 
tive ;  palliative  cautery,  curetting 

Breast:  Amputation,  2  years  after  recur- 
rence in  scar,  metastases  uterus,  inoper- 
able 

Uterus:  2  cases,  inoperative,  palliative 
curetting  and  cautery 

Intercostal :  Recurrence  of  breast  cancer, 
inoperable 

Uterus :  Inoperable,  palliative  curette- 
ment,  cauterized 

Maxilla  :  Recurrence  3  months  later.  No 
treatment 

Broad  ligaments :  Infiltrated,  incomplete 
removal  of  uterus 

Stomach :  Inoperable,  metastases  to  mes- 
entery   (exploratory  laparotomy) 

Uterus  :     Cervix,  curetted,  cautery 

Uterus :      Curettement,   cautery 

Uterus :  Radical  operation  refused,  epi- 
thelioma cervix 


T1.ME  ELAPSED   until  SUBSEQUENT  FINDINGS 


IV2  years 
18  months 
Dec.  28,  1906 
Next  few  years 

6  to  7  years 

3  years 

4  to  6  years 

7  years 
4  years 

3  months 

7  years 

9  years 

11  years 
11  years 
22  vears 


-Autopsy,  no  local  recurrence, 
metastases,  and  ascites  ab- 
sorbed 

No   trace  of   original  tumor 


Sudden,  "overnight"  absorp- 
tion of  entire  area,  died 
three  weeks   later 

No  treatment,  recurrences  dis- 
appear, subsequently  "en- 
tirely recovered" 

All    clinically    well 


Uterus  normal,  nodules  in 
scar  have  disappeared 

Clinically  free  from  all  evi- 
dences of   carcinoma 

Completely  receded,  free  from 
recurrence 

Well,  uterus  normal  condi- 
tion 

Recurrence  completely  ab- 
sorbed 

No  evidence  of  malignant 
growth 

Perfectly  well 

Well,  no  evidence  of  tumor 
Well,  no  evidence  of  tumor 
Well,  no   evidence  of  tumor 


10  remaining  cases  no  definite  data  as  to  time  given,  patients  well 


*Ro!ulenburg,    G.    L. :      Fluctuations    in    the    Growth 
Reference   to    Spontaneous    Recession,    Jour. 


Energy    of    Malignant    Tumors    in    Man.    with    Especial 
Cancer    Research,    1918,    iii.    193-225. 
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LABORATORY  METHODS 


NOTES  OiN  THE  ISAACSON  METHOD   FOR  ESTIMATING  GLUCOSE=^ 


l',Y  Elisabetta  C.  Pexxell,  M.S.,  Santa  Barbara,  CaliE. 

HE  rapid  colorimetric  melhod  for  determining  glucose  in  urine,  which  was- 
puljhshed  by  Victor  I.  Isaacsonf  was  tried  out  in  this  laboratory  with  un- 
satisfactory results.  Determinations  were  made  on  two  standard  glucose  solu- 
tions and  on  twelve  diabetic  urines,  both  by  this  colorimetric  method  and  by 
Fehling's  volumetric  method.     The  results  obtained  are  tabulated  below  : 


T 


STANDAkU   1-OR 

RESULT 

RESULT 

SOLUTION 

LSKI) 

AMOUNT     USED 

COMPARISON 

ISAACSON'S 

fehling's 

2.5%    G 

lucost 

Solution 

V2 

c.c. 

B 

5.2  % 

2.5  % 

1 

L'rine    M 

1/20] 19 

1 

c.c. 

A 

0.5  % 

2.387^ 

2 

P 

1/14/19 

1 

c.c. 

A 

0.96% 

0.88% 

3 

P 

1/16/19 

1 

c.c. 

A 

0.58% 

0.88% 

4 

P 

1/17/19 

2 

c.c. 

B 

1.09% 

0.78%. 

5 

R 

1/15/19 

1 

c.c. 

B       ' 

2.46% 

3.12% 

6 

R 

1/19/19 

1 

c.c. 

A 

0.1  % 

2.98%, 

7 

P 

1/15/19 

1 

c.c. 

C 

1.25%) 

0.68% 

8 

P 

1/19/19 

1 

c.c. 

A 

0.00%, 

0.58% 

9 

R 

1/16/19 

1 

c.c. 

B 

1.25% 

1.67% 

10 

D 

1/20/19 

3 

c.c. 

A 

0.00 

0.4  % 

11 

P 

1/18/19 

1 

c.c. 

A 

0.00 

0.71% 

12 

P 

4/18/19 

3 

c.c. 

A 

0.15 

0.89 

13 

\7c   glucose 

solution 

1 

c.c. 

A 

0.9% 

0.96% 

14 

These  figures  show  a  startling  discrepancy.  'I'he  chief  difficult}-  for  any 
one  unacquainted  with  this  method  is  in  deciding  the  amount  of  sample  to  be 
used,  and  the  standard  required  for  comparison.  The  author  of  the  method 
states  that  for  percentage  less  than  one.  3  c.c  of  the  s])ecimen  must  be  used.  In 
a  determination  such  as  (11),  3  c.c.  were  used,  but  the  color  of  the  filtrate  was 
so  dark  that  w  ben  diluted  to  coni]>are  with  A.  the  darkest  of  the  standards,  the 
percentage  \\as  so  low  that  when  di\i(led  by  3  the  result  was  zero  or  less. 
With  high  concentration  of  sugar  it  frequentl}-  liapi>eiis  tbat  in  sufficiently  wash- 
ing the  filter  ])a]ier  so  nuich  water  \\a>  re(|uired  tbat  tlu-  resulting  solution  was  too 
light  to  compare  with  any  of  the  standards.  It  is  difficult  to  judge  by  a  (lualitative 
test  whether  the  percentage  of  sugar  is  0.(S  (ir  \.l,  for  instance,  so  that  ihi*  wrong 
amount  of  urine  is  fre(|uentl\'  us('(l,  and  cither  tlu'  resulting  perci-ntage  is  incor- 
rect, (jr  a  repetition  of  the  determination  is  necessarw  This  is  more  time  con- 
suming than  the  usual   volumetric  metht)ds. 


'From    llic    I.al)(ir;itni  y    uf    the    .\l(in..ri.il    1  .;ili.u;ilnry    ninl    Clinic.    Saiila    l'.,irli;ii;i.    e'alif. 
tScc   joiinial    (if    l,al)oral>.ry    .iml    Cliiii.  .1]    M  clirin.-.    l"ili..    I'MS.    iii,    _>99. 


M()i)ii"ii:i)  I'oirr  M'.i.i-:  artii-ici.m,  ki-.simk- atiox  (ji'Ti-it  7})7 

A  coldrinu'lric  iiK'lliod  in  which  lUMtlicr  llic  staiHlard  nor  llu-  unknown  can 
he  moved  up  and  down,  >o  as  to  compare  Hrst  with  lij^hter  and  then  with  darkcr 
color,  is  necessariK  inaccurate.  Tt  is  foimd  that  as  much  as  3  c.c.  of  water  may 
l)e  added  to  (hlute  tlie  color  of  llie  unknown  in  tliis  metliod  without  makin.t(  an_\' 
change  ])ercei)tihle  to  the  eye.  Anotlier  serious  source  of  error  is  the  necessity 
for  covering  the  tuhe  with  tlie  thumh,  yix  a  cc^rk,  to  mix  the  contents,  so  that 
some  of  the  color  is  almost  always  lost. 

The  Sahli  hemoglo])inometer,  for  instance,  is  an  apparatus  of  this  type,  but 
with  it  no  attempt  is  made  to  read  ckjser  than  5  degrees.  Tf  a  col(;rimeter  was 
made  with  one  standard  and  one  tube  for  the  unknown  which  was  graduated 
from  0.5  per  cent  to  9  per  cent  by  0.5"s  it  might  prove  more  successful  than  the 
one  under  discussion.  A  colorimeter  of  the  Hellige  type  would  seem  even  more 
feasible.  The  unknown  in  such  a  determination,  if  too  dark  could  be  diluted 
half,  as  in  phenolsul])honephthalein  determinations. 

The  determinations  abo\e  reported  were  made  with  uniform  care  by  one 
laboratory  worker,  and  the  solutions  prepared  quantitatively.  The  standard 
solutions  were  made  of   Kaulbaum's  glucose. 


A  MODIFIED  PORTABLE  ARTIFICIAL  RESPIRATION  OUTFIT* 


Bv  JoHx  A.  HiGGiNS,  Chicago,  III. 


IN  REVIEW  ING  the  literature  on  the  subject  pertaining  to  artificial  respira- 
tion machines,  vah  es  and  methods  of  applying,  a  large  number  of  articles 
on  the  subject  can  readily  be  referred.  Fells, ^  Jackson-  Hanzlik,"  Gates, ^  Melt- 
zer,^  Meyer,*^  Hoyt,"  Hall,*^  SoUmann,'*  Stewart  and  Rogoff,^'^  Gessel  and  Er- 
langer,^^  Brodie,^-  Brunton,^^  Schafer,^'  Ludwig,^''  etc.,  have  each  endeavored 
to  advance  the  subject  by  designing  some  type  of  an  apparatus  or  method  of 
procedure. 

When  the  medical  students  begin  to  receive  their  training  in  the  physiologic 
laboratory,  pertaining  to  operations  on  the  mammalian  subject,  they  are  seldom 
called  upon  to  perform  operations  of  a  major  character.  The  laboratory  outline 
may  possibly  call  for  a  dissection  and  ligation  of  the  carotid  artery  or  arteries, 
vagus  nerve,  femoral  vein,  sciatic  ner\'e,  the  recording  of  blood  pressure,  etc., 
in  which  cases  interference  with  xoluntary  respiratory  movements  are,  as  a 
rule,  avoided.  Since  we  can  not  predict,  however,  the  ability  of  the  student 
anesthetist  or  the  susceptibility  of  the  mammalian  animal  to  the  anesthetic  ad- 
ministered, voluntary  respiratory  movements  may  at  any  period  of  the  experi- 
ment cease  to  continue.  In  such  instances,  and  where  the  heart  is  performing 
its  function  normally,  the  logical  procedure  would  be  to  stop  the  anesthetic  and 
apply  artificial  respiration. 

The  question  involved  at  this  period  (^f  training  is  whether  the  medical 
students  should  be  allowed  to  familiarize  themselves  with  an  elaborate  or  com- 
plicated artificial  respiration  outfit,  which  they  may  be  unable  to  have  access  to 
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in  their  future  career  or  whether  it  should  be  advisable  to  acquaint  the  students 
with  a  portable  artificial  respiration  outfit  that  could  be,  with  little  inconvenience, 
had  in  the  experimental  laboratories,  hospital  operating  room,  or  on  the  outside 
in  general  practice. 

I  am  inclined  to  favor  this  last  view,  especially  so  with  the  beginning  medical 
students.  After  a  preliminary  training  on  the  simpler  types  of  artificial  res- 
piration outfits  or  methods  of  procedure  more  elaborate  or  complicated  outfits  or 
methods  can,  of  course,  then  be  studied. 

Elaborate  types  of  artificial  respiration  outfits,  while  they  may  give  perfect 
satisfaction  and  be  very  valuable  within  themselves,  are  as  a  rule  aimed  for  use 
in  the  experimental  laboratories,  or  possibly  for  use  in  an  operating  room.  In 
such  places  electric  energy  or  compressed  air,  from  a  power  plant,  is  generally 
accessible  for  applying  in  connection  with  the  artificial  respiration  outfit  adopted. 
Unfortunately,  however,  suitable  energ}%  except  hand  or  foot  power,  can  not  be 
had  in  numerous  instances.  This  latter  view  would  perhaps  hold  general  in 
emergency  cases  where  resuscitation  on  the  human  is  essential  to  retain  life. 
Such  views  on  this  subject  are  perha])s  already  considered  by  a  number  of  the 
laboratory  instructors.  Accordingly  they  often  utilize  the  hand  or  foot  bellows 
as  best  they  can  in  cases  of  emergency.  To  make  use  of  the  hand  or  foot  bel- 
lows independently  does  not,  however,  produce  the  intermittent  interruptions 
desired.  Some  device  or  valve  may  then  be  used  in  connection  to  produce  the 
desired  effect. 

Fells,^"  and  Stewart  and  Rogofif,^"  have  l)rought  to  the  attention  of  the  medi- 
cal profession  a  valve,  as  ])reviously  referred  to,  for  producing  the  desired  inter- 
ruptions. Whether  Fells  had  in  view  the  principles  later  involved  in  the  Stewart 
and  Rogoff  type  of  valve,  I  am  unable  to  state  definitely.  Fells  had  also,  in  con- 
nection with  his  ty])e  of  \alve,  two  side  inlets.  One  of  the  inlets  was  to  accom- 
modate administering  ether  vapors  in  case  a  tracheotomy  was  performed,  and 
a  second  smaller  Inlet  to  accommodate  a  rubber  tube  leading  directly  from  an 
oxygen  gas  tank.  Now  while  the  Fells  t\pc  of  valve  may  be  of  \alue  from  an 
experimental  point  of  view,  I  would  be  inclined  to  question  whether  the  extra 
side  inlets  are  advisable,  especially  where  resuscitation  on  the  luunan  is  to  be  ap- 
plied. 

Where  Fells  aims  on  j^crforming  a  tracheotomy  he  thus  limits  the  use  of  his 
valve  to  the  medical  profession.  While  Fells  is  ]>crfectly  justifiable  in  keeping 
such  a  j»oint  in  view,  yet  it  is  cjuite  possible  to  eliminate  the  larger  side  outU-t  to 
his  valve  and  still  be  able  to  administer  ether  \apors  via  W'oulfll"  bottle  beyond 
the  valve.  Contrary  to  his  view,  other  writers  advocate  that  the  layman  or  first 
aid  man  should  not  hesitate  in  applying  some  form  <»f  artificial  respiration,  even 
in  the  absence  of  a  physician,  wlicir  life  is  involved  at  a  critical  period.  This 
critical  jjcriod  rarely  exceeds  more  thin  ten  minut("^  after  \oluntary  respiratory 
movements  cease. 

Ordinary  air  contains  about  2\  per  cent  tixygen.  of  whiih  about  oui'-fifih. 
under  ordinary  conditions,  of  llie  oxygen  inhaled  is  absorbed.  'i'liis  would 
therefore  seem  a  reason  to  eliminate  the  inllalion  of  the  lungs  with  pvne  or  nearly 
l)urc  oxygen,  if  no  ninic  oxygen  is  absorbetl  tiian  b\  breathing  pure  air.  To  dis- 
pense with  both  ^irle  inlets   from  the  I''ells  type  of  \;dve  will  bring  us  to  a  point 
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of  piiiK  i|tlc  rcMinliliii^'  llir  Strwart  aixl  Kogoff  type  of  valve.  The  I'clls  type 
of  v.ilvi-  would  still  srrm  to  offer  as  ;in  advantage  a  sr)rt  of  safety  to  check  too 
iimcli  pressure  accunuilatiu)^'  in  the  distensilih  haj^  which  is  placed  in  the  air 
circuit.  Stewart  and  Uoj^ol'f  offer  a>>  an  advantage  a  sort  of  a  tlniml»  screw 
safety  to  prevent  the  possibility  of  excessive  |)ressurc  inside  the  face  mask, 
toj^etlu  r  with  the  valve  hcini^  attaclied  to  the  face  mask  to  cut  down  on  excc^^ive 
dead  space. 

I'eiliu.L,'  still  tli.il  llure  was  an  opi>oriuiiity  to  make  certain  modifications 
for  the  ^(hhI  of  the  suhject,  I  have  acted  accfjrdinj^ly.  These  modifications  were 
made  jxjssihle  by  takiui,'  a  Fells  tyi)e  of  valve  and  cutting  out  the  two  siflc  inlets. 
Add  on  llu'  rubber  bumper  as  shown  at  K  Vx'^.  1   to  eliminate  friction  or  wear 


Fig.    1. — Showing   view    of   nttacliiiKMit    tor   combining    with    a    Fletcher    portable    foot    blower    to    produce   an 

intermittent   artificial    respiration. 


on  metal  piece  N.  The  barrel  head  at  A  was  then  soldered  to  a  solid  piece  of 
brass  which  measured  3''4  by  Ps  hy  ^i,-,  inches  as  shown  at  E.  Drill  through 
this  piece  of  brass,  to  correspond  with  the  center  of  the  barrel  head  .-/.  a  •'^^-inch 
hole  F.  About  i-)i,;  of  an  inch.,  and  in  opposite  directions  from  the  center  of 
the  %-inch  hole,  drill  two  holes  through  the  brass  piece  and  thread  them  to  ac- 
commodate '"^'is  screws  (7.  These  screws  at  (7  measure  P4  inches  over  all  and  are 
used  to  regulate  the  stroke  of  downward  movement  on  the  foot  bellows. 

A  second  piece  of  metal  //,  measuring  the  same  as  piece  E,  is  set  flat  against 
piece  E.  Drill  a  hole  at  each  end,  drilling  through  both  pieces  with  a  ^32-inch 
drill,  about  -'s  of  an  inch  from  the  ends.  These  holes  are  to  accommodate  the 
slipping  through  of  the  l-'^4-inchcs  long  by  ^''is-iii*-'h  threaded  section  of  the 
screws  /.    On  the  threaded  section  of  screws  /  are  lock  nuts  L.    These  lock  nuts 
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are  used  to  fasten  the  valve  to  the  treadle  of  the  foot  bellows  as  shown  in  Fig. 
3.  The  bellows  here  used  is  a  Fletcher  portable,  number  10-B,  with  an  11-inch 
in  diameter  reservoir.  The  tubes  D  and  P  (Fig.  1)  have  a  "js-inch  opening  and 
are  connected  to  the  air  system  as  shown  in  Fig.  3.  One  of  these  tubes  connects 
the  outlet  of  the  bellows  reservoir  to  the  valve.  The  second  tube  connects  the 
valve  to  either  a  face  piece  or  pharyngeal  tube  for  human  or  a  tracheal  cannula, 
\ia  ether  vapors,  in  experimental  mammalian  work.  \Mth  this  outfit  there  is 
no   need  of   any   other   special   Aalve  beyond  the   attachment   itself. 

The  plunger  used  in  connection  is  partly  visible  at  C,  N  and  K,  Fig.  1,  or 
fully  visible  in  Fig.  2,  except  for  the  lower  barrel  head  at  B.  The  slot  E,  Fig.  2. 
is  used  in  connection  with  an  elevated  section  inside  the  valve  barrel  and  to  pre- 


Fig.     2 — Showing    view 
of    the    ijlunger. 


Fig.  3. — Showing  vifw  of  a  Fletcher  portable  foot 
blower  with  attachment  attached  ami  connected  for 
producing    intermittent    artificial    respiration. 


vent  rotation  movements.  The  opening  at  G  passes  fully  through  the  plunger, 
while  the  opening  at  /-"  terminates  at  the  end  of  the  jilungcr  at  point  H.  A  coil 
spring  in  the  upper  section  of  the  valve  barrel  is  used  to  keep  the  plunger  under 
an  outward  tension. 

The  outfit  as  ready  for  practical  use,  except  for  the  face  mask  or  pharyngeal 
tube,  is  shown  in  iMg.  3.  Ui)on  forcing  tlic  bellows  IrcadK'  downward,  the  \alve 
being  closed  against  air  from  the  bellows  and  to  the  point  where  the  lower  sec- 
tion of  the  plunger  hits  the  ground  surface,  the  air  is  being  transferred  from  the 
upper  bellows  chamber  to  the  lower  reservoir.  As  w  i"  continue-  tlio  dowiiw.ird 
stroke,  after  the  i)lunger  head  lii'-l  hits  tiie  ground  surface,  the  plunger  is  forced 
up  into  the  \al\c  l);irrel  \)\vcv  lo  a  point  where  the  barrel  head  H  (iMg.  \)  hits 
lite  shoulder  .1/.  \\  lien  this  point  i'^  learlied,  it  biiuL^s  opening  (/  (  I'Mg.  2)  op- 
posite the  tul)e  openings  at  /'  ;md  /'  (  b'ig.  1  )  ami  tlni'-  permits  the  air,  already 
l^iaccd  under  tension   in   the  bellows   reservoir,   to   ()roceeti   toward   inllaling  the 
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lungs.  Then  nimn  rrlraNini4  tlu-  ttMi^ion  fnnii  tin-  Ik-IIdu.s  treadle  the  coil  spring 
forces  out  llii'  pluuLicr  to  it^  lej^ular  iio^iiion,  cl(jse>  the  system  of  air  from  the 
liellows  resciAoir  Id  tlie  \al\e,  and  opi'U-^  the  system  of  air  from  the  lungs  to  the 
outside  \ia  openings  /',  /•"  '  I-'ii^'.  1  I  and  /■',  //  (I'ig.  2).  'i"hi>  tluis  permits  the 
kuigs  to  collapse.  At  the  same  lime  die  ui)i)er  chand)er  of  the  hellows  is  fdling 
up  for  a  succeeding  e.\i)iration. 

It  will  now  he  mited  thai  in  thi>  outt'il  I  eliminate  tlie  distensii)le  or  inter- 
[)Ose(i  extra  ruhher  hag  hetueen  the  hellows  and  tlie  \al\e  as  founcl  in  other  rmt- 
hts.  It  is  made  possihle  to  limit  the  iiUermittent  expirations  hy  regulating  screws 
C  (Fig.  1)  and  thus  relie\-e  considerahle  danger  of  excessive  lung  [)ressure. 
The  exi)iralions  from  the  hrllows  resev\dir  can  he  maintainefl  to  flow  with  j)rac- 
lically  \ery  little,  if  any,  \ariations.  The  outht  is  i)ortabIe  and  can  he  kept  con- 
nected. The  face  piece  or  pharyngeal  tube  can  be  connected  at  a  short  distance 
irom  the  \al\e  and  thus  eliminate  dead  space.  The  outfit  can  be  worked  either 
l)\-  foot  or  hy  one  hand  lea\ing  the  other  hand  free  to  look  after  the  face  mask 
or  pharyngeal  tube.  The  outht  should,  however,  rest  on  either  a  board  or  solid 
ground  to  insure  uniform  expirations  as  a  sandy  or  soft  ground  may  cause 
variation. 

Since  we  do  not  ordinaril\-  utilize  our  lungs  to  full  ca])acity.  I  would  here 
suggest  setting  a  standard  for  the  outfit.  For  example,  record  the  average 
auKJunt  of  air  expired  at  each  expiration  from  a  number  of  adults.  Sum  up 
this  total,  and  find  an  average  lung  capacity.  Regulate  the  artificial  respiration 
outfit  accordingly  for  general  use  in  emergency  cases.  There  may  be  marked  dif- 
ferences between  male  and  female  adults,  but  in  such  cases  it  might  be  ad- 
visable to  have  two  or  more  such  outfits  so  regulated.  The  outfit  should  be 
worked  to  correspond  with  normal  breathing.  Before  applying  artificial  res- 
l)iration  see  that  the  mouth  is  free  of  any  foreigni  body,  keep  the  tongue  pullea 
forward,  and  see  that  the  plunger  in  the  \  alve  reacts  normall}".  W  bile  this  out- 
fit should  not  interfere  with  training  along  the  Shafer  prone  method,  still  the 
f)utfit  is  perhaps  as  safe  as  can  hj  trusted  in  the  hands  of  the  layman. 
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THE  USE  OF  FLOCCULE-FORMATION  REACTIONS  TO 
CORROBORATE  THE  WASSERMANN  TEST 


By  Ross  J.  MacCaxn,  New  York  City 


AMONG  the  diagnostic  methods  that  are  used  for  the  detection  of  syphilis, 
the  original  Wassermann  technic  with  some  of  its  varied  modifications,  is 
the  one  that  is  mostly  used  in  commercial  laboratories.  Many  of  these  labora- 
tories use  two  antigens,  cholesterinized  and  noncholesterinized  antigens,  or  an 
alcoholic  extract  of  syphilitic  \i\ev ;  while  a  few  use  a  third  antigen,  Noguchi's 
acetone-insoluble  lipoid  extract.  Some  laboratories  use  the  Hecht-\\'einberg, 
one  of  Kolmer's  modifications,  or  the  Hecht-Gradwohl  method  in  conjunction 
with  the  regular  W^assermann,  so  that  anticomplementary  findings  may  be  re- 
duced to  a  minimum. 

The  use  of  more  than  two  antigens  lengthens  and  complicates  the  tests;  in 
the  Hecht-W'einberg  modification  the  serum  should  be  used  as  soon  as  possible 
after  the  specimen  is  taken,  utilizing  as  it  does  the  complement  and  amboceptor 
in  the  patient's  serum,  which  is  perfectly  feasible  where  W'assermanns  are  being 
done  daily,  but  not  where  they  are  being  done  once  or  twice  a  week;  while  the 
Hecht-Gradwohl  modification  is  inclined  to  be  rather  cumbersome,  especially 
where  many  tests  are  to  be  made  in  a  day;  and  in  Kolmer's  methods,  two  of  them 
are  almost  similar  to  the  Wassermann,  while  the  other  two  consume  a  great  deal 
of  time  and  much  material.  All  these  modifications  are  excellent  as  corrobora- 
tive reactions  with  the  regular  Wassermann,  but  where  the  time  is  limited,  a 
shorter  and  yet  rclialile  method  would  be  more  advantageous,  and  helpful  in 
doubtful  cases. 

These  doubtful  or  anticomplementary  findings  would  not  be  ctMunuMited  on 
to  any  great  degree,  in  hospitals,  clinics,  etc.;  in  a  commercial  laboratory  thev  are 
a  source  of  friction  between  laboratory  and  ])hysician,  and  looked  upon  as  a 
breach  of  contract,  by  the  patient  involved.  He  has  i)aid  his  fee  and  naturally 
looks  forward  to  a  positive  or  negative  report;  when  they  receive  a  report  with 
the  explanation  that  their  blood  dififers  somewhat  from  others,  and  that  the  re- 
sult is  a  doubtful  one,  it  is  a  difficult  task  di.spclling  the  patient's  idea  that  it 
was  due  to  carelessness,  and  not  to  the  antic()m])lementary  projierties  of  his 
serum.  Physicians  also  look  to  the  laboratory  for  coiu-lusi\e  n-sr.lls  on  whicli 
to  base  their  diagnosis,  and  combining  the  fact  that  they  have  recommended 
this  [jarlicuiar  laboratory,  with  their  sinrcre  wish  of  kee])ing  the  good  will  and 
confirlencc  of  iIk  p.iticnt.  they  arc  apt  to  feel  a  decided  lack  of  faith  in  the  skill 
of  the  serologisl,  and  it  is  this  lack  of  faith  that  we  wish  to  avoid,  being  at  the 
same  time  sincere  in  our  flealings  with  both  the  physician  and  the  jiaticnt. 

With  the  thonglit  that  it  might  be  possible  to  u^c  oiu-  of  these  reactions  out 
lined  in  the   following  pages,  as  a  corroJHjrative  lest    with  our  regular  Wasser- 
mann, and  also  that   the   interest  of  those  engaged    in   eonnnercial    laboratories 
would    be    aroused,    and    that    they    would    be    stimulated    into    i)ublishing    their 
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rcsi-.iixh  work,  l•;ln^iIlJ;  a   ict  i])i(tcity  ni  idca^  l.i-twccii  those  so  engaged,  I  sub- 
mil   tlii^  ail  icif   for  pulilicatioii. 

Ill  main  (listasts,  aii<l  |)aiticiil:iily  >yi»liili^,  tlu-  scniin  of  a  patient  thus 
attlirU"!,  ulicii  mixed  with  colloidal  sf)lutif)ns  of  lecithin  or  sodium  glycocholate, 
forms  a  tloicuKiil  |)r(Hi|tilak'  uliich  may  Ix-  seen  macroscojiicaliy.  Sodium 
taurocliolatr,  taurin  solulion  and  distilk-d  water,  was  used  by  Wiedcr  and  1,'En- 
^\e,  while  other  authors  have  used  difTercnt  solutions  of  hydrophilic  colloids 
with  varying-  results.  The  meihods  meiiiioned  in  the  following  pages  were  se- 
lected, because  of  their  simple  teclmie,  and  that  workers  have  placed  them  at 
the  head  of  the  list  for  rcscarchiiif^  investif,'ation. 

The  (ir>t  method  iii\ i'>tiL;ated  was  that  of  Por;Tcs  and  Meier,  who  use  a 
1  per  cent  IcHithin  solution  in  normal  saline,  and  the  serum  diluted  1  :5  with  salt 
solution.  (  )ne  c.c.  of  the  diluted  scrum  was  mixed  with  0.2  c.c.  of  the  lecithin, 
incubated  at  57^  for  one  hour,  and  left  overnight  at  room  temperature,  results 
being  read  off  the  following  morning.  Nineteen  serums,  eight  positives  and 
eleven  negatives  were  u.sed  in  this  test,  and  also  in  the  fourth  method ;  a  smaller 
number  being  used  in  the  second  and  third  methods.  Where  inactivated  serum 
was  advocated  hy  the  author,  we  also  used  activated  serum,  the  results  obtained 
being  nearly  similar.  The  specificity  of  this  method  is  low,  approximately  45 
per  cent  of  the  positive  serums  gave  negative  results,  and  20  per  cent  of  the 
negative  serums  gave  positive  results. 

The  second  method  was  that  of  Elias,  Neuhauer.  Porges  and  Salomon. 
One  per  cent  of  freshly  made  sodium  glycocholate  in  distilled  water  is  used  in 
this  test.  Serums  must  be  clear  and  contain  very  little  hemoglobin.  Two-tenths 
c.c.  of  the  serum,  activated  and  inactivated,  is  mixed  with  0.2  c.c.  of  the  solution 
and  left  from  16  to  20  hours  at  room  temperature.  The  results  obtained  were 
slightly  better  and  more  accurate  than  the  first  method,  but  the  advantages  of 
this  method  are  greatly  lessened  by  the  fact  that  only  clear  serums  can  be  used 
in  the  tests. 

The  third  method  tested  was  that  of  Klausner.  who  employs  distilled  water, 
using  serum  undiluled  and  diluted  I  to  5  with  distilled  water.  Two-tenths  c.c.  of 
each  of  the  serums  arc  mixed  with  0.7  c.c.  of  distilled  water,  well  shaken,  and 
kept  at  room  temperature  for  15  hours,  and  readings  then  made.  Results  ob- 
tained were  confusing  and  nonspecific. 

The  fourth  method  used  was  that  of  Herman  and  Perutz.  They  employ 
two  solutions,  the  first  being  2  per  cent  sodium  glycocholate  in  95  per  cent  alco- 
hol, plus  0.4  gram  of  cholesterin ;  and  the  second  solution  is  2  per  cent  sodium 
glycocholate  in  distilled  water.  The  first  solution  is  diluted  1  :20  with  distilled 
water  before  using.  In  the  test  proper  one  part  of  (a)  diluted,  one  part  of  (b), 
and  two  parts  of  serum  are  mixed,  shaken  gently,  and  let  stand  for  18  to  24  hours 
at  room  teniperaiuie.  Results  obtained  were  distinctly  better  and  more  accurate 
than  in  any  of  the  other  methods  tested,  but  were  only  partially  specific.  Ap- 
]>roximately  70-75  per  cent  of  the  positives  gave  positive  results,  while  two  of 
the  eleven  negative  scnuiis  gave  distinctly  positive  results,  and  one  was  extremely 
doubtful,  due  to  a  heavy  clouding.  StMiie  earlier  workers  found  this  test  equally 
as  specific  as  the  \\  assermann  in  syphilitic  cases ;  however,  later  observers  fail 
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to  coiifirni  these  earlier  researches.  Ohtsky  and  (Jlmstead  made  a  detailed  study 
of  this  reaction  in  syphilitic  and  nonsyphilitic  serums,  and  found  it  to  be  61 
per  cent  specific  in  95  syphilitics  and  SO  per  cent  specific  in  80  nonsyphilitics. 
Summarizing  our  observations  on  the  results  obtained  in  the  tests  of  the  above 
methods,  it  is  quite  obvious  that,  possibly  with  the  exception  of  the  Herman  and 
Perutz  method,  these  methods  can  not  be  used  with  any  great  degree  of  cer- 
tainty to  corroborate  the  Wassermann  test,  and  especially  so  in  those  cases  where 
the  Wassermann  gives  a  doubtful   or  antic(jmplementary   result. 
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EDITORIALS 


Pathology  of  the  Pneumonia  in  the  United  States  Army  Camps 
During  the  Winter  of  1917-18 

THE  Rockefeller  Institute  for  Medical  Research  has  issued  a  inonograj)h  by 
Professor  William  G.  McCallum  on  the  above-named  subject.  There  is 
s^iven  a  short  historical  surxcv  of  e]>idemics  of  imcuniDnia.  In  the  sixteenth  cen- 
tury such  epidemics  were  well  known  in  Italy.  In  1535  one  such  eiiidemic  ap- 
parently prevailed  over  the  greater  part  of  the  Peninsula.  The  attack  began  with 
a  chill,  pain  in  the  head  and  chest,  and  a  cough  at  tirst  dry  but  later  attended  Iw 
expectoration.  Often  the  patient  became  delirious  and  later  fell  into  a  stupor. 
Death  usuallv  occurred  on  the  sixth  or  seventh  day,  and  the  prognosis  was  good 
beyond  this  time.  I'leural  ctt'usions  were  found  and  llie  lungs  are  stated  to  have 
been  indurated  and  turbid,  with  freciuent  .ibscesses.  Similar  epidemics  were  re- 
ported in  the  seventeenth  century.  Several  authors  of  that  time  reported  the 
finding  of  serous  and  l)](H)d-stained  efifusions  in  t'.ie  pleura  and  pericardium.  For 
the  most  i>art,  the  lungs  w hmc  consolidated,  but  occasionally  rendered  dittluent  by 
suppuration,  .\ccording  to  Hirsch  so-called  typhoid  pneumonic  epidemics  were 
ob.served  in  England,  Spain.  Italy,  Switzerland,  France,  and  Xortli  America  in 
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the  eighteenth  century.  The  type  of  the  disease  observed  at  that  time  was  said 
to  be  highly  maHgnant  and  the  lungs  were  often  found  to  contain  much  purulent 
material.  In  1790  Desauvages  and  others  described  such  disease  among  soldiers 
in  France.  They  made  postmortem  examinations  and  found  suppurative  proc- 
esses in  the  lungs  with  effusion  of  pus  or  gelatinous  serum  in  the  chest  and 
sometimes  in  the  pericardium.  Similar  epidemics  were  described  by  Noah  Web-> 
ster,  the  lexicographer,  as  occurring  in  Connecticut  in  1712,  1719,  1760  and  1795. 
In  1812  there  was  a  great  epidemic  which  apparently  started  in  Canada,  spread 
through  the  northern  part  of  the  United  States,  and  finally  reached  the  South. 
There  is  a  book  by  James  Mann,  hospital  surgeon  of  the  army,  published  in  1816 
which  gives  a  good  description  of  the  condition  including  a  few  postmortem  ob- 
servations. From  these  it  is  learned  that  the  soldiers  died  with  extensive  pleural 
efifusion  sometimes  of  thick  pus,  as  in  the  case  of  one  man  whose  pleura  was 
drained  by  an  incision  between  the  ribs,  and  sometimes  of  a  thick  yellowish 
whey-colored  fluid,  while  a  membrane  of  coagulated  lymph  lined  the  cavity  of 
the  thorax.  Sometimes  the  lungs  had  a  dark  purple  appearance  and  incision  ac- 
companied by  compression  forced  out  pus  from  the  air  cells.  In  other  cases  the 
lungs  were  contracted,  compact,  tough,  and  almost  destitute  of  air  cells.  In  some 
instances  the  lungs  appeared  like  the  liver,  tender,  easily  lacerated  with  the  fin- 
gers, and  entirely  destitute  of  the  spongy  texture  peculiar  to  healthy  lungs. 

Even  at  that  early  date,  measles  as  a  predisposing  cause  of  this  form  of 
pneumonia  was  recognized.  McReynolds  and  Hudson  described  epidemic  pneu- 
monia among  troops  on  the  Niagara. front.  This  epidemic  prevailed  among  the 
soldiers  in  western  New  York  in  December,  1812,  and  January,  1813.  From  the 
soldiers  and  their  camps  it  spread  through  Xew  York  and  over  the  greater  part  of 
New  England.  The  authors  of  that  lime  did  not  describe  minutely  the  pulmonary 
changes,  but  it  is  evident  from  their  descrij^tions  that  this  disease  was  not  definite 
lobar  pneumonia,  but  probably  a  form  of  bronchoi)neumonia  with  extensive  pleu- 
ral exudate.    From  1815  to  1862  there  were  occasional  epidemics. 

Little  information  appears  to  be  available  regarding  the  prevalence  of  this 
disease  among  soldiers  during  the  Civil  War.  \\'()odward  gives  statistical  infor- 
mation showing  that  measles  was  pre\alent,  that  pneumonia  followed  it,  and  that 
the  mortality  was  considerable,  but  these  conditions  were  oxcrshadowcd  by  the 
greater  prevalence  of  ty])lioid  fc\er  and  dysentery.  Of  the  cases  of  broncho- 
pneumonia following  measles  din-ing  the  Ci\  il  \\  ar  the  lungs  of  three  have  been 
preserved  in  the  Army  Medical  Museum  an<l  McCallum  makes  the  following 
statement  concerning  his  cNamination  of  one  of  tlicM-  s|)ecinK'ns: 

"The  history  in  Case  50  sl.ili-s  that  Private  j.  11.  Talbol.  age  2.^.  was  admit- 
ted I'V'bruary  13,  1804,  with  |ilcniMpncumonia  following  mcasK's  and  died  b'ebru- 
ary  29.  Postmortem  exaniiiialinn  showed  that  the  low  it  lobe  ot  the  right  lung 
was  hepali/cd.  red.  and  presented  on  section  a  number  of  small  superlicial  ab- 
scesses. The  i)leura  \\a^  tliickciicd.  Tlu'  lung  is  fibrinous,  I'xudated.  and  most 
of  it  is  spongy  in  texture,  but  it  coiUaius  some  distinct,  hiin  nodule>  wliicli  arc 
branched  at  limes." 

McCallum  found  that  sections  of  this  lung  no  longer  stain  well,  but  the 
(iMtliiies  of  cells  may  be  di-cerned.     There  is  in  the  section  a  j)atcli  of  consolida- 
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tion.  'iMicrc  are  central  hroiuhiolcs  wliieli  cdiilain  exudate  and  have  lost  their 
epithehuni.  'Phe  walls  are  thick  and  inhllrated  with  mononuclear  cells  and  are 
penetrated  by  many  distended  hlood  vessels.  'I'he  adjacent  alveolar  walls  are  in- 
filtrated and  contain  dense  plut^s  of  fihrin  with  flesquamated  epithelium.  The 
larger  area  of  consolidation  shows  several  bronchi  with  the  same  change.  The 
walls  of  a  rather  large  one  are  especially  infiltrated.  More  peripheral  alveoli 
have  dense  contents  of  tihrin  and  epithelium.  In  the  more  central  part  of  the 
patch  the  tissue  is  disintegrated  and  full  of  small  broken  cells,  possibly  leucocytes. 
There  is  a  mass  of  granular  material  at  one  spot  resembling  bacteria.  With 
proper  stain,  McCallum  was  able  to  demonstrate  streptococci  in  the  midst  of  the 
necrotic  area.  No  other  bacteria  could  be  seen.  There  is  no  doubt  of  the  ex- 
istence and  rather  wide  prevalence  of  streptococcal  pneumonia  among  Northern 
Soldiers  during  the  Civil  War.  Since  that  time  other  epidemics  of  pneumonia 
have  been  described,  but  it  is  difficult  from  the  clinical  description  to  determine 
the  nature  of  the  disease. 

This  form  of  bronchopneumonia  was  most  carefully  and  skilfully  investi- 
gated by  Delafield.  His  understanding  of  the  contrast  between  this  type  of  pul- 
monary affection  and  the  sort  of  exudative  process  which  follows  the  aspiration 
of  infected  materials  into  the  bronchi,  or  the  other  examples  of  terminal  patchy 
pneumonia  characterized  by  the  filling  of  the  alveoli  which  are  connected  with 
the  infected  bronchioles  wath  an  exudate  of  polymorphonuclear  leucocytes,  is 
satisfactory  and  his  descriptions  form  a  model  of  conciseness. 

During  the  present  war  epidemic  pneumonia  has  been  carefully  studied  by 
many  English  physicians.  They  describe  a  purulent  bronchitis  which  is  fatal 
and  from  which  they  isolated  the  influenza  bacihus  in  the  sputum  in  most  cases. 
However,  they  found  other  organisms  including  the  pneumococcus,  streptococcus, 
and  staphylococcus. 

Coming  to  his  own  work  McCallum  thinks  that  emphasis  should  be  laid 
upon  the  importance  of  measles  in  the  inception  of  this  epidemic.  It  is  well 
known  that  measles  prevailed  during  the  winter  of  1917-18  most  largely  in  camps 
filled  by  southern  and  rural  troops,  and  it  was  in  these  camps  that  pneumonia  most 
frequently  followed  measles.  It  should  not  be  understood  that  bronchopneumo- 
nia did  not  occur  except  among  those  who  had  recently  had  measles.  It  did  occur 
among  both  the  measles  and  the  nonmeasles  group,  but  it  was  more  common  and 
much  more  deadly  among  the  measles  group.  McCalhim  is  of  the  opinion  that 
soldiers  who  had  recently  had  measles  and  therefore  were  in  a  condition  of  re- 
duced resistance  fell  the  first  victims  to  the  streptococcus.  This  organism  hav- 
ing grown  lusty  and  increased  in  virulence,  found  itself  able  to  overcome  the  re- 
sistance of  the  most  virile  and  was  no  longer  compelled  to  await  the  debilitating 
effects  of  measles.    We  quote  the  following: 

"The  influenza  bacillus  was  frequently  in  the  sputum  and  occasionally  in 
the  lungs  and  pleural  cavity.  It  was  always  associated  with  the  streptococcus 
and  it  is  difficult  to  assign  it  a  predominant  part  in  the  causation  of  the  pneumo- 
nia. In  general,  the  pneumococcus  of  whatever  type  produced  lobar  pneumo- 
nia and  the  streptococcus  either  what  we  shall  describe  as  interstitial  broncho- 
pneumonia, or  another  lesion  to  which  for  convenience  we  assign  the  name  lob- 
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ulat"  pneumonia.  The  exact  biological  nature  of  this  streptococcus  and  its  iden- 
lii\'  in  different  camps  are  still  subjects  which  are  actively  discussed.  It  seems 
to  he  the  same  wherever  it  has  been  found,  but  it  will  require  time  to  determine 
\\  hether  there  are  several  strains  at  work.  Indeed  from  many  camps  there  come 
re|)orts  of  numerous  cases  due  to  a  nonhemolytic  streptococcus.  All  these  im- 
portant points  must  be  determined  by  further  study  which  must  also  decide  the 
significance  of  the  influenza  bacillus,  staphylococcus,  and  other  organisms  in  the 
production  of  the  disease.  Our  own  experience  has  led  us  to  believe  that  a 
fairly  constant  hemolytic  streptococcus  is  the  important  factor." 

McCallum's  studies  were  carried  on  princii)ally  at  Fort  Sam  Houston. 
Texas,  and  at  Camp  Dodge,  Iowa.  Details  are  given  concerning  44  cases  studied 
in  Texas  and  40  in  Iowa.  The  monograph  contains  well  executed  plates  giving 
Aisual  representation  of  the  findings.  Lobar  pneumonia  caused  by  the  several 
tyi)es  of  pneumococcus  was  found,  but  the  number  of  cases  seems  not  especiallv 
different  from  what  ordinarily  occurs  during  corresponding  months  of  the  vear. 
In  some  cases  lobar  pneumonia  was  combined  with  streptococcal  pneumonia ;  in 
others  the  findings  were  in  no  way  dissimilar  to  those  usually  observed  in  straight 
])neumococcal  infections.  The  streptococcal  infection  seems  to  occur  by  way  of 
the  upper  I'espiratory  tract  and  the  illness  begins  with  a  sore  throat,  cough,  and 
f  e\  er.  Ph}sical  signs  in  the  lungs  are  indefinite  until  exidi'uce  of  accumulation 
of  fluid  in  the  chest  appears.  Dyspnea  of  extreme  type  and  es])ecially  during 
inspiration  is  characteristic  and  is  indicated  by  a  marked  c\anosis.  Most  jia- 
tients  are  alert,  apprehensi\e,  and  sleepless,  and  there  is  often  delirium.  The 
first  type  (jf  pulmonar_\-  lesion  described  is  designated  as  interstitial  bronchopneu- 
monia. It  is  the  result  of  infection  of  the  bronchioles  with  hemolytic  strepto- 
C(jcci  leading  to  marked  changes  in  the  bronchial  walls  and  adiacenl  pulmonarv 
tissue.  The  most  striking  accompaniment  of  this  is  collapse  of  the  lung,  af- 
fecting those  ])ortions  formerly  supplied  with  air  l)y  the  obstructed  bronchi,  to- 
gether with  the  formation  of  nodules  of  consolidation  about  the  terminal  por- 
tions of  the  bronchi.  .\t  the  .same  time  thei-e  is  extreme  engorgement  of  the 
blofjd  vessels  and  hemorrhage  into  the  tissue  aboiU  the  nodules  of  consolidation. 
The  walls  of  the  bronchi  become  den^eh  infiltrated  with  mononuclear  cells.  Ex- 
treme hyperemia  and  the  new  formation  of  blood  \essels  and  of  connective  tis- 
sue add  greatl}'  to  the  thickening  and  (K-formity  of  tlu-  walls.  In  some  cases  the 
whole  lining  of  the  bronchi  becomes  necrotic  and  presiMits  the  appearance  of  a 
diphtheritic  ])seudomenibrane.  C'oinciclent  with  the  chango  in  the  bronchial 
walls  are  similar  alterations  in  the  walls  ot  the  adjacent  aheoli.  The  .iK  i-oI,-ii- 
capillaries  are  distended  with  blood,  the  epithelium  is  proji  iCr.iled  r,i]ii(ll\  .md 
«le-'|nanialed  into  the  aKcolar  ca\it\.  Tlu-sc  eaxities  aw  foinid  to  be  lilled  witli 
blood,  lihrin.  and  des(|uaniated  epithelial  cells.  Those  more  distant  contain 
^mailer  niniibeis  oi'  tlie^e  cells  and  are  lilled  with  a  thick  viscid  fluid.  This  gelat- 
inous edema  gi\es  a  scinbl.inee  ol  confluence  between  the  areas  oj  consohd.i 
ti(»n  before  it  is  really  completed.  Tlieic  .ire  manv  cases  in  which  the  changes 
are  restricted  to  the  neighborhoixl  of  the  l»ronchi(tles  and  si-parated  from  each 
other  by  wide  areas  of  air  containing  tissue.  Streplococii  ,iic  fomid  in  masses 
in  the  lumen  of  each  bront  bus  or  ludiuhiole  miiigle<l  with  the  leucocytes  of  the 


KDI'fOKIAI.S  7A9 

ixiidaii,  Imt  III  iiiD^t  iii>.taiuis  tiny  arc  not  ((Uiiul  aiiuiulantly  in  tin-  Mihsiatuc 
of  tlir  lissiu*  or  in  tin-  aKrnlar  cotitcMits. 

riu-  Isin|)liali«  s  uliuli  rim  froiii  tlic  plrural  tu'twork  l»y  way  of  the  intcr- 
Inlxilar  Ncpla.  Iiroiuliial  walU,  and  MoimI  vc^m-Is  to  tlu-  tiDflcs  at  the  hiluni  of  the 
liiii^  <|iiiikly  Ikhuiim-  a  iliamu-l  for  the  transport  of  thr^r  hartcria.  (ircat  mini- 
l)rr>  of  l»;n  tctia  arc  ifniiid  iii  thrst-  caiiaU  aiul  in  the  sinuscH  of  the  lymph  no*le«4 
at  llu-  liilimi  uluMi-  tlu-y  a|>|»tar  to  lie  (lctaint<l.  They  cause  thromUisis  of  the 
lymph  iliamu'U  uhiih  hi-iDiiu-  (hstrinled  to  an  rnormous  size  aiul  a|>pear  to  the 
imai(U'<l  vyv  as  most  i-oiispicuoiis,  hea<le<l,  white  strands  on  the  cut  surface  of  the 
Uuij^'  t'xtcndinj;  to  idimrci  with  the  pk-ural  network,  which  may  Ik-  in  places  simi- 
larly injnti'd  and  dislciidril  with  a  white,  infected,  setnipurulent  ihromhus.  It  is 
thouj^dit  that  hacteri.i  extnid  hy  j^'iowth  alonj^  the^e  olixtructe<l  channels  in  fioth 
directions,  and  tliiis  p.-is^inj^r  from  the  Imi;^'  to  the  pleur.a,  infect  the  walls  of  the 
pleural  cixity  and  set  u[i  iiilnisi-  inllammation  resultint^  in  the  formatif)n  of  f^uifl 
exudate. 

I'inm  ilu-  lie^iniiini;  of  ilu-  infrition  of  the  pleura  the  effusion  of  exudate 
heconus  a  dominant  te.iture  hoth  in  clinical  si^iis  and  anatomical  changes. 
It  proceeds  with  j^reat  rapidity  and  comjiresses  the  lunj.;  tf)  such  a  decree  as  to 
complete  the  atelectasis.  W  luii  the  exudate  accumulates  in  large  quantities,  such 
as  two  or  more  liters,  the  hm^  hecomes  an  airless,  pasty,  hlue  clump  of  tissue 
which  is  jilastic  against  the  pericardium  or  hack  against  the  side  of  the  vertehral 
column.  Later  the  pleural  exudate  hecomes  more  purulent,  having  In^gun  as  a 
thin,  greenish,  tuil>id  tluid  filled  with  streptococci,  disintegrated  leucocytes,  and 
shreds  of  hhrin. 

Rapid  organi/.ation  ot'  the  intlammatoiy  exudate  is  e\erywhere  in  evidence. 
This  affects  the  aKeoIar  and  hroiuhial  contents  which  are  replaced  in  part  In- 
connective  tissue  resulting  in  interstitial  new  growth  which  thickens  the  alveolar 
walls,  the  bronchial  walls,  the  ad\entitia  or  hlood  vessels,  and  the  interlohular 
septa.  The  thromhosed  lymphatics  hecome  organized  and  occluded  jx^mianenlly 
hy  hhrous  tissue  so  that  luw  om-s  must  eventually  he  formed,  while  ahsoq>tion 
in  the  meantime  is  greatly  hampered.  Most  striking  is  the  rapid  organization  of 
the  la\ei"  of  rilirin  which  covers  the  pleura.  This  results  in  the  formation  of  thick 
\ascular  giaiuilation  tissvu'  on  the  pleural  surface,  adhesions  between  contiguous 
surfaces  are  rendered  permanent,  and  in  the  later  stages  incapsulated  jxjckets  of 
intrapleural  origin  hlled  with  pus  are  not  infrequently  formetl  and  offer  difficul- 
ties to  the  surgeon. 

Less  fre(|uently  large  portions  of  the  lung  hecome  necrotic.  Such  material 
is  loadetl  with  streptococci  and  is  often  discharged  through  the  bronchus.  lea\ - 
ing  a  cavity.  W  hen  such  a  cavity  c<immunicates  with  the  pleura,  pneumolhorax 
may  result,  or  if  the  chest  is  already  (»pen  it  ap[H'ars  as  a  l»roncln>pleural  fistula. 
Such  a  disease  of  the  lung  betrays  its  tendency  to  heal.  Kverything  except  per- 
haps the  bronchial  exudate,  the  pleural  exudate,  ami  the  intrapulmonary  necroses 
or  abscesses  partakes  of  the  nature  of  a  barricading  process.  All  changes  tend 
to  limit  the  advance  of  the  streptococci  and  to  this  eml  the  tissue  is  indurated. 
The  alveolar  exudate  with  its  tilirin  later  replaced  hy  connective  tissue,  the  throin- 
besis  of  the  l\niphatios.  the  thickening  and  granulation  tissue  formation  in  the 
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bronchial  walls,  interlobular  septa,  and  pleura,  and  the  wide-spread  hyperplasia 
of  lymphoid  tissue  throughout  the  lung,  are  all  evidence  of  a  considerable  power 
of  resistance  which  permits  the  body  time  for  defense.  The  infection  is  fairly 
well  localized  in  the  respiratory  tract  and  there  is  no  septicemia  until  perhaps  the 
last  few  hours  of  life.    Other  Organs  sufifer  but  little. 

The  type  designated  as  lobular  pneumonia  is  shown  in  cases  in  which  the 
streptococci  invade  in  the  same  way.  One  does  not  know  how  to  distinguish  the 
symptoms  and  yet  at  autopsy  although  sometimes  even  the  lungs  may  look  much 
the  same  at  a  casual  glance,  they  are  really  different.  There  are  no  firm  peri- 
bronchial nodules.  There  are  patches  of  consolidation  in  which  the  alveoli  are 
filled  with  blood,  leucocytes,  and  enormous  quantities  of  streptococci.  There 
are  no  interstitial  changes  and  no  signs  of  resistance.  Widespread  necrosis  oc- 
curs with  final  destruction  of  areas  of  lung  tissue.  Hemorrhage  about  these 
areas  is  usual  and  there  is  often  pleural  effusion  withtnit  any  organization  of  the 
exudate.  There  are  cases  in  which  this  lobular  pneumonia  occurs  in  pure  form, 
but  there  are  many  more  in  which  it  is  found  side  by  side  with  the  interstitial 
bronchopneumonia.  There  are  diff'erent  expressions  of  reaction  to  the  same  in- 
fection, but  in  these  the  reaction  is  feeble.  There  is  nothing  new  in  the  forms  of 
pneumonia  in  this  epidemic.  They  have  existed  always  and,  historically,  can  be 
traced  back  at  least  to  the  sixteenth  century.  More  scieniilic  descrijitions  date 
from  1812,  and  perfectly  clear  ones  from  Delafield  in  1SS4. 

—V.  C.  I'. 


Shock''' 

ONE  of  the  most  striking  developments  of  modern  pathology— not  to  say 
physiology — is  that  which  relegates  the  nervous  system  to  a  distinctly  sub- 
ordinate place.  This  development  has  resulted  in  i)lacing  chemical  and  physico- 
chemical  action  in  a  commanding  i)<)sition,  and  in  assigning  to  the  nervous  system 
a  sort  of  controlling  function.  In  the  absence  of  a  nervous  system  pathologic 
changes  develop,  as  they  do  in  the  presence,  but  the  rale  of  development  is  ab- 
normally slow.  iCvidently  the  nervous  system  iMllmnces  the  speed  of  reactions. 
X(iwhere  is  this  more  striking  than  in  shock. 

It  has  not  been  s(*  long  since  shock  was  refi-md  to  neivous  imi>uKe  .iloiie. 
Extreme  nervous  irritations  acting,  over  a  sutficienl  period  of  time.  u|)on  tlie  va.so- 
mf)tor  centers  lead  to  fatigue  of  those  centers,  with  the  result  that  the  vessels— - 
chiefly  the  arterioles —  lost  their  tone  and  power  of  constriction,  and  that  the 
blot)(l  prcs.surc  fell,  and  was  recovered  only  with  the  greatest  dilViculty.  Eater 
observations  showed  that  the  reverse  was  true;  i.  e.,  that  the  \asomotor  mechanism 
remained  intact;  that  instead  of  a  dilatation  of  the  arterioles,  they  were  con- 
stricted. Despite  this  .nterial  state  the  blood  luessuie  fell,  .ind  i(inainc<l  low 
during  the  jirogrcss  of  the  state  (»f  shock. 
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Later  also  it  was  found  that  the  l(nv  blood  pressure  was  the  result  of  lack 
of  blood  volume.  When  hemorrhage  had  occurred  this  was  readily  understood; 
when  it  had  not  occurred  it  was  explained  with  difficulty.  lUood  examinations 
in  the  latter  type  of  cases  showed  that  the  blocxl  was  concentrated;  i.e,  that  the 
corpuscles  were  increased  in  unit  volumes,  and  that  the  plasma  was  decreased. 
Evidently  therefore  the  loss  of  blood  volume  was  due  to  loss  of  fluid  from  the 
blood,  but  not  to  loss  of  the  formed  elements,  and,  since  hemorrhage  had  not 
occurred,  the  fluid  must  have  passed  into  the  tissues.  vSo  the  problem  was  shifted 
from  the  vessels  to  the  tissues.  Why  did  the  fluid  of  the  blood  pass  outward? 
Why  should  the  fluids  be  attracted  to  the  tissues?  It  is  one  of  the  great  contribu- 
tions of  Y.  Henderson,  that  he  focused  attention  upon  this  aspect  of  the  problem. 
Henderson  believed  that  an  early  symptom  of  shock  was  hyperpnea,  caused  by 
the  sensory  impulses  originating  in  a  damaged  area  of  the  body,  and  that  this  re- 
sulted in  a  washing  out  of  COo  from  the  lungs  and  vascular  system.  So  a  condi- 
tion of  acapnia  was  produced  which  acted  to  reduce  the  diastolic  pressure  in  the 
heart  by  reducing  pressure  in  the  veins.  At  the  same  time  the  ratio  of  CO,  in 
the  blood  to  CO,  in  the  tissues  fell  and  this  led  to  a  flow  of  water  from  the  blood 
to  the  more  acid  tissues.  In  other  words  a  condition  of  more  or  less  generalized 
tissue  acidosis  occurred  which  led  to  edema  of  the  various  organs,  and  coincident 
concentration  of  the  blood. 

At  the  beginning  of  the  war  these  two  conceptions  of  shock  were  held;  the 
one  which  laid  the  failure  of  the  circulation  at  the  door  of  vasomotor  fatigue — 
the  result  of  overstimulation  of  the  centers — and  the  other  which  held  that  the 
vasomotor  centers  were  abnormally  active,  and  that  the  main  factor  was  a  con- 
dition of  tissue  acidosis  which  resulted  in  concentration  of  the  blood  to  such  an 
extent  that  the  heart  no  longer  was  supplied  with  enough  blood  to  pump,  even 
when  the  arterioles  were  in  a  state  of  maximal  constriction.  The  war  experi- 
ences have  tended  to  discredit  the  former  theory  and  to  support  the  latter. 

The  observations  at  the  front  in  Casualty  Clearing  Stations  and  First  Aid 
Stations  have  been  made  the  basis  of  experimentation.  One  prime  conclusion 
has  been  reached;  i.e.,  that  muscle  injury  can  produce  a  state  of  shock,  and  that 
absorption  of  toxins  or  similar  substances  can  do  the  same.  These  conclusions 
rest  upon  the  following  clinical  evidence  :  ( 1 )  The  experience  that,  putting  aside 
gross  injuries,  the  shock  from  which  the  abdominally  wounded  man  sufifers,  de- 
pends more  on  the  loss  of  blood,  or  on  peritonitis  and  sepsis,  than  on  the  extent 
of  the  lesion.  Many  men  thought  by  the  surgeon  to  have  died  of  shock,  have 
been  proved  by  postmortem  examination  to  have  died  of  acute  sepsis  or  gas 
gangrene.  (2)  The  striking  change  for  the  better  that  follows  excision  of  mus- 
cles infected  by  anaerobic  bacilli.  (3)  The  well-known  association  between  shock 
and  small  multiple  or  single  large  muscle  wounds.  (4)  The  shocking  nature  of 
operations  involving  large  muscle  masses  (amputation  at  the  hip).  This  clinical 
evidence  may  be  summarized  by  saying  that  shock  (secondary  shock)  is  the 
result  of  an  intoxication.    What  are  the  toxins? 

In  certain  cases  it  may  be  that  bacteria  are  the  active  causes  of  shock;  that 
they  produce  substances  which  bring  about  the  whole  sequence  of  events.  Such 
a  state  of  afl:'airs  we  might  call  bacteriotoxemic  shock.  In  certain  other  cases 
in  which  the  bacteria  are  not  present,  there  must  be  other  substances,  not  of  bac- 
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terial  origin,  but  of  tissue  origin  which  cause  the  typical  sequence  of  events. 
This  we  migin  call  histo-toxemic  shock.  Recent  experimental  work  has  con- 
cerned itself  to  a  large  extent  with  the  latter,  and  with  such  evidently  success- 
ful results  that  we  may  well  wonder  whether  the  former  is  not  the  result  of  bac- 
terial action  upon  the  tissues,'  setting  free  toxic  substances, — in  other  words, 
whether  after  all  the  condition  of  shock  is  not  always  a  tissue  afifair,  hastened  or 
modified  in  certain  cases,  by  1)acteria. 

At  the  front,  shock  was  associated  with  other  conditions  than  muscle  damage 
and  infection  ;  i.e.,  hemorrhage,  pain,  cold,  mental  distress,  and  rough  handling. 
Elimination  of  cold  and  rough  handling  were  most  efifective  in  treatment. 
Warmth  tended  to  improve  the  circulation  ;  gentle  treatment  tended  to  reduce 
muscle  damage  and  pain.  Administration  of  morphine  in  small  doses  was  valua- 
ble because  it  relieved  pain,  and  tended  to  quiet.  Large  doses  of  this  drug  were 
dangerous,  probably  because  they  tended  to  decrease  oxidations  in  the  body.  Ad- 
ministrations of  fluid  were  of  very  real  value,  because  of  the  replenishment  of  the 
water  in  the  blood  vessels.  Gum  (colloidal)  solutions  given  intravenously  were 
valuable  because  the  gum  tended  to  retain  the  absorbed  water  and  keep  it  in  the 
vessels,  and  so  reestablish  the  blood  volume  and  pressure. 

\\'allace  savs  that  acidosis  can  be  neglected  as  a  cause  of  shock,  but  it  would 
seem  that  the  whole  sequence  of  the  events,  and  the  methods  of  treatment  point 
to  the  fact  that  tissue  acidosis  is  the  essential  condition  of  the  complex,  and  that 
to  it  are  due  the  various  clinical  manifestations.  Whether  hyperpnea  with  subse- 
quent acapnia,  or  a  primary  toxemia  due  to  tissue  destruction,  or  loss  of  blood 
alf)ne  forms  the  starting  point  of  the  complex,  any  one  or  all  combined  tend  to  pro- 
duce a  chemical  state  in  the  organs  and  tissues  of  the  body  which  may  logically 
be  called  acidosis,  which  is  the  condition  upon  which  depends  withdrawal  from 
the  blood  vessels.  The  effects  of  anesthetics  point  to  the  same  conclusion,  for 
chlorofcjrm  is  the  most  dangerous  one,  ether  follows  it,  and  gas-oxygen  is  safest. 
Cannon,  Bayliss  and  others  have  subjected  animals  to  experiments  to  de- 
termine the  actual  condition  supervening  upon  muscle  damage.  They  found  that 
if  they  ruptured  and  severely  l)ruised  muscles,  without  breaking  the  skin,  the 
muscles  underwent  considerable  swelling  and  some  extravasation  of  blood  though 
not  sufficient  to  produce  sym])toms  of  hemorrhage.  During  the  jn'ocess  of  trau- 
matization  the  blood  ])ressure  fell  and  was  followed  sometimes  by  a  temporary 
rise,  after  which  a  secondary  fall  occurred,  'i'he  pronijitness  of  tlie  ])riniary  tall 
suggested  that  it  was  reflex,  but  il  occui'ri'd  after  the  cord  had  been  cut.  It 
failed  to  appear  if  the  aort;i  was  closed  aboxc  the  iliacs  during  the  traumatizalion 
although  the  ner\e  conduction  would  not  be  impaired  during  this  short  anemia. 
There  wa>  no  cluinge  in  the  alkahne  r(■■^e1•\ c  dming  tiie  period  ot  tlu-  primary  lall. 
The  obser\ation-^  indicate  that  tlu'  sliarji  fall  is  not  (hu'  to  ;iny  genei^al  ellect  ot 
the  trauma  on  the  circulation  brought  about  through  niTxous  agencies  or  liberated 
acid.  Il  may  be  due  to  a  combination  ol  dilatation  of  blooil  \t'ssels  in  the  injun-d 
area  together  with  some  extravasation  of  blood,  with  the  lapid  seiim-  tree 
of  a  clu'inical  substance  acting  as  a  powcrlul  depres^.-mt  on  tin-  blood  pres- 
sure, 'i'he  secondarv  tall  nia\  be  explained  b\  the  continued  absorption  ot  tin- 
depressant  substance  and  b\    the  establishment  of  a  \  icious  circle  in  conseipience 


i;i)l  I'OKIAI.S  /O.l 

III'  (lie  |(i\\  l)l()()(|  prc^-^iiic.  Tlii>  i->  a^socialcd  with  a  ^tc•a(ly  fall  in  the  hirar- 
l)(ii)aU'  iCMTxc  of  llic  liliM.d.  \  rciiiaikaMc  rtfcti  on  llu-  respiration  is  usually 
Id  lie  Nccn.  The  raU'  iin  ii'asfs  !4rfal!\  aiul  tlic  depth  is  shallow,  'riiese  oxperi- 
iiu'iiial  rcMill^  arc  siiikmj^dv  similar  to  cas(•^  of  shell  traumata  seen  in  men 
wnnnded  in  liatllc.     In  all  such  casc^  the  shock  was  accom|)anied  hy  acidosis. 

I'*,rlan.m  r  and  his  associate^  ha\e  ohser\ed  that  temporary  exclusif>n  of  the 
circnlatidii  Ironi  an\-  cmisidcrahle  ])art  of  the  hodv  results  in  shock.  Cannon  and 
llayliss  ha\t'  inadt'  ^illl!la^  (ihserx  ations  and  they  ])oint  out  that  muscles  pro- 
duce certain  products,  espc-cialK'  when  the  oNvi^'en  sup|il\'  i^  diniini>hed  or  cut 
otf,  which,  when  >t't  free  in  the  circulation,  lower  the  hlood  pressure.  At  the  same 
tinn'  the  alkaline  roerve  falls.  They  also  ha\e  shown  that  massage  of  damaged 
muscles,  results  in  a   fui'ther   fall  of  hloo<l  pressure. 

IJayliss  say>  it  appears  that  the  conclusion  must  he  drawn  that  the  toxic 
pi"o(hicts  can  he  remo\ed  or  destroyed  as  cpiickly  as  they  pass  into  tiie  blood 
current  if  the  xolunie  of  tin-  hlood  is  kepi  sufficiently  large  to  insure  a  good  cir- 
culation and  suppl\-  of  oxygen  to  the  tissues.  Whether  the  toxic  ])roducts  are  oxi- 
dized, as  lactic  acid  is,  or  rendered  harmless  by  ])assing  through  the  liver,  is  not 
known  as  yet.  We  know  that  histamine  disai)pears  \ery  rajjidl}"  if  the  circula- 
tion is  effective. 

A  large  amount  of  recent  exijerimental  work  has  concerned  itself  with  this 
substance  histamine  which  is  a  protein  split-product,  a  (leri\ati\e  of  the  amino 
acid  histidine.  Injection  of  this  substance  into  the  veins  of  experimental  ani- 
mals i)roduces  a  condition  that  is  typically  shock.  The  blood  pressure  falls  and 
the  respirations  l)ec()me  feeble.  At  first  sight  one  receives  the  imi)ression  that 
the  heartbeat  has  become  feeble  almost  to  extinction;  but  if  the  chest  is  ojiened, 
the  heart  is  seen  to  be  beating  strongly  and  regularly,  but  its  chambers  contain 
remarkal)l\"  little  l)lo()d.  The  \eins  and  arteries  seem  to  contain  but  little  blood 
and  are  constricted.  The  li\er  is  i)ale  and  certainly  not  distended  with  blood, 
and  the  same  is  true  ot  the  s])leen.  The  blood  itself  is  markedly  concentrated. 
It  is  an  interesting  fact  in  this  conclusion  that  animals  can  tolerate  only  exceed- 
inglv  small  doses  of  histamine  if  this  operation  is  combined  with  ether  anesthesia. 

The  whole  trend  of  the  work  up  to  the  present  time  seems  to  indicate  in  a 
very  definite  way  that  secondary  shock  is  the  expression  of  a  toxemia  which  is 
frequentlv  the  result  of  tissue  damage.  Such  damage  sets  free,  of  itself,  or  with 
the  assistance  of  bacteria,  sulistances  like  histamine  which  are  products  of  in- 
complete protein  si)litting,  which,  in  the  presence  of  sufficient  oxygen  supplies, 
are  readih'  removed.  An\-  circumstances  that  decrease  oxidation  accumulate  the 
shock. 

—P.  G.  W. 


IXDKX  'lO  \()I.IMI-:   IV 


AUTIIOliS  IXDKX 

In  this  iiulfx   folhtwiiin  tin-  author's  iiaiiu-  tlic   full   title  of  the  subject  is  nivcn  as  it 
appears  in  the  Journal.     Ivlitorials  arc  also  iiicludtd  in  thr  list  and  are  indicated  hy  (R). 


A 

Ai.iiKiiii.  T.  !!.  On  the  (Utiction  of  small 
quantities  of  triclilorotertiary  butyl 
alcohol  (Chlorctonc)  in  the  fluids 
and  tissues  of  the  animal  body,  425 

B 

Bakslack,  Frki)  W.  Drawing  for  autopsy 
table  constructed  by  enlisted  men . 
from  "left  over"  lumber,  355 

Blanner,  J.  E.  On  the  detection  of  chlore- 
toiie  in  mother's  milk,  501 

BoYP,  J.  D.  An  apparatus  for  the  quanti- 
tative determination  of  urobilin 
and  urobilinogen,  495 

Bovn,  William.  Acute  adrenal  insuffi- 
ciency,   133 

BrKWER.  I.  W.  Report  of  epidemic  of 
"Spanish  Influenza"  which  oc- 
curred at  Camp  A.  A.  Humphreys, 
Va.,  during  September  and  Octo- 
ber, 1918,  87 

Broders,  Albert  C.  (See  AlacCartv  & 
Broders),  687 

Brown,  Philip  W.  (Sec  Farrington, 
Lewis,  and  Brown),  635 

Brl-ce,  W.  J.  A  modified  Hccht-Gradwohl 
test  for  the  serum  diagnosis  of 
syphilis,  215 


Callary,  C.  X.  A  modification  of  the 
W'assermann  test,  140 

Chiixixcworth,  Felix  P.,  and  Hopkixs, 
Ralph.  Physiologic  changes  pro- 
duced by  variations  in  lung  dis- 
tention,   555 

Clough.  Harry  D.  (See  Wiggers  and 
Clough),  624 

CoR.NWALL,  Leox  H.  (.S"t\'  Larkin  and 
Cornwall),  352,  571 

D 

Darxall,  C.  R.  Concerning  medical  man- 
uscripts bv  medical  ofliccrs  (E), 
464 

Davis,  Emwarp  P.  Influenza  epidemic 
(E),   85 


Ervix,  Dwight   M.     Relation  of  the  pan- 
creas to  the  diabetic  state,   711 


Egekkr,  CjKKTK.  Picramic  acid  as  a  stand- 
ard in  colrjrimetric  determinatifiii 
of  nitrogen  by  Ncssler's  method. 
439 


Farringto.v.  Paul  R..  Lewis.  Robert  C. 
and  Brow.v,  Philip  W.  .An  edcs- 
tin  method  for  the  estimation  of 
pepsin   in   stomach  contents,  635 

Felberbau.m,  David.  .\  simplified  technic 
of  applying  the  electrodes  in  elec- 
trocardiography,  497 

Ferry.  X.  S.  (See  Houghton  and  Ferrv). 
492 

FisKE,  C.  H.  Xote  on  methods  for  pre- 
paring isoamyl  isovalerate ;  a  sat- 
isfactory substance  to  prevent 
foaming,  865 

Fleisher.  Moyer  S.,  and  Hamilton,  C. 
D.  Some  notes  concerning  hemo- 
lytic   streptococcus    infection,    347 

Ford,  Francis.  (Sec  Egerer  and  Ford). 
439 


Garbat,  .\.  L.  A  simple  distilling  appara- 
tus,   221 

— .     A  simple  shaking  apparatus.  355 

GauchaT.  p.  C.  (Sec  Hanzlik,  Scott,  and 
Gauchat),    112 

GiFFix.  H.  Z.,  and  Sanford.  A.  H.  Clini- 
cal observations  concerning  the 
fragility  of  erythrocytes,  465 

GooDPASTiRE.  Ernest  \V.  A  peroxidase 
reaction  with  sodium  nitroprusside 
and  benzidine  in  blood  smears  and 
tissues,  442 

GosLiNE,  H.  L  The  role  of  tuberculosis  in 
dementia  precox,   186,  397 

Gl'ilp,  Stacy  R.  War  deafness  and  its 
prevention,  153 

H 

Hamilton,  C.  D.  (See  Fleisher  and  Ham- 
ilton), 347 

Hamiltox.  Herbert  C.  The  comparative 
values  of  some  local  anesthetics. 
60 

Hanzlik.  Pail  J..  Scott.  R.  W..  and 
Gaichat.  p.  C.  The  salicylates. 
X.  The  specificity  of  salicylate  in 
rheumatic  fever,  112 


756 


AUTHORS      INDEX 


Haskixs.    Howard    D.      Modifications    of 

Henderson's  method  of  estimation 

of  the  hydrogen-ion  concentration 

of    urine,    363 

HeinEkamp,    W.    J.    R.      (See    McGuigan 

and  Heinekamp),  491 
HerrERA,   Alphon'SO   L.      Some    studies    in 

plasmogenesis,  479 
Herrmaxx.  George  R.    The  clinical  pathol- 
ogy of  mustard  gas   (Dichlorethyl- 
sulphide)    poisoning.    1 
— .     {See     Warthin.     W'eller,     and     Herr- 
mann), 785,  833 
HiGGiXS,    JoHX    A.      A    modified    portable 
artificial  respiration  outfit,  727 
A    method    for    making   glass   arterial 

cannulas,  700. 
.\  new  type  of  adjustable  screw  clamp. 

81 
A  type  of  continuous  threaded  aneu- 
rysm needle.  453 
A   type   of   simple   key   for   laboratory 

use,   360 
A  type  of  stethoscope  receiving  bowl 
for  use  in  the  teaching  of  medical 
students,  450 
— .     A    type    of    stimulating    electrode.    361 
— .     An  adjustable  trachea  cannula.  77 
HiRSCHEEEDER.    A.    I).       {Scc    Moore    and 

Hirschf elder),    707 
Hopkins,  Kai.ph.     (See  Chillingwnrth  and 

Hoi)kins),  555 
HovGHTON.  v..  M..  and  Ferry,  X.  S.     Sed- 
imenting    suspension    of    live    bac- 
teria  on  a  large  scale.  492 

J 

Jackson.  Dennis  E.  Some  new  appara- 
tus— .\  combination  tambour  and 
membrane  manometer  and  a  mod- 
ified   spring    manometer,    695 

Kkm.ert.  Km.is.  Cocaine  poisoning.  Re- 
port of  a  case  with  necropsy.  129 

KoTZ,  A.  L.  The  recent  epidemic  of  in- 
fluenza and  bronchojineumonia  at 
the  Eastern  Hospital.  Kaston.  I'a., 
424 


1,ACY,  G.  K.  The  bacilhiH  innuen7;r  in  si- 
nusitis and  mrniiiKitis,  55 

Kamu,  I'REHKhmk  H.  Epidrmir  rerrbro- 
'.|»inal  mrningilis  at  Camp  Co<lv, 
387 

I^ANO,    K.    S.      (Scc    Maclcofl    and    I^ur), 

Karkin,    John    H..    Cornwau..    I.kon    H.. 

ami    Eevv.   T.  J.     Trrhnic    for   the 

Watsrrmann  reaction,  571 
-  ami  — .     The  spinal  fluid  in  epilepsy:  a 

prrliminary   report,  352 
I.F.inv,    JoRKiMi,      Modification    of    (ffam's 

!»tain   for  p<isitivc  bartrria,  3.54 
I.KVY.    I,    J.      (.SV«*    t^rkin,   Cornwall,   and 

Krvy).  571 
I.KWis,      koBKRT     C.        {Sff      I'arriiii.M..ii 

Ilrown,  and   I^cwis).  W5 


LuDEX,  Georgixe.  Studies  on  cholesterol. 
V.  The  blood  cholesterol  in  malig- 
nant disease  and  the  effect  of  ra- 
dium on  the  blood  cholesterol,  849 

— .  Studies  on  cholesterol.  VI.  The 
value  of  blood  cholesterol  deter- 
minations and  their  place  in  can- 
cer  research,   719 

M 

Maci.Eod.  J.  T.  K.     Simplified  gas  analvsis, 

69      " 
— .     The  diagnosis  of  acidosis.     A  review 
and    criticism    of    the    methods    at 
l)resent    in   use,  315 

— -  and  Lan'g.  R.  S.  Simplified  gas  analy- 
sis, 564 

MacCaxx.  Ross  J.  The  use  of  floccule- 
formation  reactions  to  corroborate 
the  \\  assermann  test,  742 

MacCartv.  \\m.  C.  and  Brokers,  Albert 
C.  The  role  of  the  pathologist  in 
the  practice  of  medicine,  687 

Maxx,  F.  C.  a  method  for  preserving  a 
sharp  scalpel  in  experimental  sur- 
gery,  578 

— .  Turkish  wash  cloths  for  packs  in  ex- 
perimental surgery.  (>39 

McCjIIGax.  High,  and  Heinekamp.  W.  \. 
K.  .\  simple  method  for  the  prep- 
aration of  a  spinal  animal.  491 

Mei.i.ox,  Ralph  K.  An  apparatus  for  vol- 
umetric   sodium   hydrate.   569 

MiCKEE.  V.  L..  and  SnERWoon.  M.  B.  Ex- 
periences in  the  purchase  of  basic 
fuchsin.  698 

M<M)RK.  W..  and  H  iRSCiiEEM'ER.  A.  1).  .\n 
exi)erimental  study  upon  the  im- 
pregnation of  cloth  with  pediculi- 
cide   substances,   707 

MoRGi  i.is.  S.  A  simple  automatic  key  for 
use  in  the  student  physiologic  lab- 
oratory, 3.58 

{^PPEXIIEIM.  C.  J.  (Scc  Robinson  and 
Oppenhcim).  448 


I'ai  mer.    George    T.      (Scc    Vaughan    and 

ralmer),  467.  587 
Pearce.    Rov    G.     The   catalytic   jxnvcr   of 

blood  and  solid  tissues.  510 
— .     The  mechanism  of  renal  excretion.  457 
I'knnki.i..    Ei.isaiiktta    C.      Notes    on    the 

Isaacson     method     for     rstimatiuR 

glucose,   73^» 

R 

RAri'LEVE,  \V.  C.  Notes  on  the  effect  of 
Intravenous   diarsenol.   630 

Rkiiari>son,  Ri  smi.i..  Types  of  pncnmo- 
eorius  in   lobar  pncum«>nia.  4,S4 

Rnr.ER.  JOHN  W.  Notes  on  the  decompo- 
sition of  arsphenaminc.   181 

RcHiiNHoN,  (V  M..  and  Oi'rrMiriM.  C.  J. 
New  methods  f«»r  preserving  >oy- 
lican  urease.  44^ 


AUTIIOKS     INDKX 


757 


l^)(,i.i-|',    I.    M.      (.S'.T   Sliu.iil   aii<l    Ivdv^off). 

K'diiiii.NMUHC,  (i.    I,.      lUiiiK"   liiinors   nf   llic 

inlcstiiu',    with    a    rcpnrl    of    niiu- 

additioiKil  cases,  434 
Rons.     LkstKH.        (.v.-,-     \\  aitliiii.     Wdlir. 

I  Ii'rrinaiiii   ami    Koos),   833 
I\()Tii,   Ci'.oKC.K    I{.      A   comhiiu'd   measuring 

and   iiijcctiiiij  ijipctto,  369 


Saxukrs.  William  K.  The  nature  r)f  tlie 
Ivmphocj'tosis  of  acute  iuleclious, 
344 

SaM'ORI),  a.  II.  (.S'(-('  f.irtui  and  San  ford), 
465 

Scott,  R.  W.  {Sec  Ilanzhk,  C.anrliat,  and 
Scott),    112 

SiiKRWooi),  M.  B.  {Sec  Mickle  and  Sher- 
wood), 698 

Smith,  N.  R.     Organ  extracts,  517 

Southard,  E.  E.  Diagnosis  per  exclu- 
sionem  in  ordinc :  General  and 
psychiatric  remarks,  31 

Stafford,  C.  M.  Encephalitis  letharyica, 
691 

Steinfiki.d,  Edward.  A  lead  peroxide  re- 
action with  spinal  fluid,  445 

Stkvknson,  Holi.a.md  N.  Method  for  ob- 
taining mouse  blood,  353 

Sti-wart.  G.  N.,  and  Rogoff,  J.  AI.  A  con- 
tribution to  the  teehnic  of  artificial 
respiration  in  man,  H 


TabER,  Lorfn  B.  a  convenient  dilution 
chart  of  use  in  serologic  and  other 
tests  in  which  varying  quantities 
of  reagents  are  employed,  138 

V 

Vaughan,  Victor  C.     An  addition   to  our 

editorial  staflf,  706 
— .     Communicable    disease    in    the    United 

States    Armv    during    the    summer 

and  autumn  "of  1918,  467,  587 
— .     Encephalitis   lethargica,   381 
— .     Hand  to  mouth  infection   (£),  375 
— .     Influenza     and     pneumonia    at     Brest, 

France    (/•),  223 
— .     Influenza     and     pneumonia     at     Camp 

Grant   (/i).  307 
— .     Influenza   in   Camp  Custer    (/;),  225 
— .     Medical    education    in    Great    Britain. 

370 
— .     Notes  on   Influenza    (G).   145,  309 


I'atholoKy  of  the  pnrumonia  in  the 
rnited  Stales  Armv  camps  diiritiK 
the   winter  of    1917-18    f/:).   74.S 

RavaK«"s  of  the  influenza  epulcmic 
(/:).  148 

The  bacteriologic  examination  of  sus- 
pcctcfl   typhoifls    (/;),  MO 

The  barteriolf)Ky  of  influenza    f/:).  83 

The  influenza  in   C»ermany   (/;),   142 

The  Michigan  State  Board  of  Health 
(/•).  504 

The   negro   population    (P.),   579 

The  pneumonias   (/;),  149 

The  I<e<l  Cross  as  an  international 
health  agency   (/•),  702 

The  scientific  research  fund  for  study 
of  venereal  diseases   (/:),  645 

The   selective   service   act   and   its   les- 
sons  (/;),  511 
"Vaughan,  Warren'  T.     Clinical  manifesta- 
tions of  empyema,  123 


W 


Warthix.  Ai.dred  Scott,  and  Wellef, 
Carl  Vernon.  The  general  pa- 
thology of  mustard  gas  fDichlor- 
ethylsulphide)  poisoning,  265 

—  and  — .  The  lesions  of  the  respiratory 
and  gastrointestinal  tracts  pro- 
duced bv  mustard  gas  (Dichlor- 
ethylsulphide),  229 

— ,  — ,  and  Herrmann.  The  ocular  lesions 
produced  by  dichlorethylsulphide 
("Mustard  Gas"),   785 

— ,  — ,  — ,  and  Roos,  Lester.  The  treat- 
m  e  n  t  of  dichlorethylsulphide 
("Mustard  Gas")   injuries,  833 

Webu,  Gerald  B.  Pulmonary  tuberculosis 
and  postural  treatment.  313 

— .  The  human  tubercle  bacillus — Are 
there    distinct    types?      (/:).   378 

WelleR,  Carl  ^'ERNON.  (Sec  Warthin  and 
Weller).  229,  265,  785,  833 

Wheeler.  Mary  W.  A  simple  method  for 
determining  the  capacity  of  "To 
Contain"  pipettes,  498 

Wiggers.  Carl  J.  A  physiologic  inves- 
tigation into  the  dynamic  action 
of  the  heart  in  functional  cardiac 
disorders.   624 

WoollEy.  Paul  G.  Acute  infectious  jaun- 
dice, 462 

— .     Encephalitis   lethargica    (£"1.  456 

— .     Shock    (£),   750 

— .  The  epidemic  of  influenza  at  Camp 
Devens.  Mass..  330 

— .  The  toxin  of  bacillus  influenzae  (£). 
2,77 

— .     Transmission  of   influenza    (£">,  372 


suiUK(  r  iM)i;.\ 


Acid   excrclioii   ]>y   tlic   kidney,   mctliod    for 

mcasiiriiifj;,  327 
Acidity  of  urine,  suKKi'stions  of  a  new  way 
of     fxprcssiiiji,     for     clinical     piir- 
])oscs,  M)>^ 
.Acidosis.    diaKiiosis    of.    313 
Acute  infectious  jaundice.  462 
Adenoma  of  rectum,  438 
Adjustable  abduction  arm  splint  for  use  in 

base  hosi)itals,  867 
Adjustable  screw  clamp,  a  new  type  of,  81 
Adjustable  trachea  cannula,  77 
Adrenal   insufHciency,   acute,   133 
Alcoholic   and    water    extracts,   comparison 

of,   535 
Alkaline    reserve    of    the    blood,    the    CO^- 

combiniuR  power  of   the,   568 
Alkaline  solutions,  reactions  of,  may  be  ex- 
pressed in  terms  of  H-ion  concen- 
tration, 318 
Alveolar  air.  measuring  COi>  in  the.  321 
American  Red  Cross  at  the  front,  866 
Amino  group,  oxidation  at  the,  183 
Anesthesia,  local,  comparative  values  of.  60 
motor  nerve.  61 
surface.  63 
Aneurysm    needle,    a    type    of    continuous 

threaded.    453 
Antityphoid  vaccination  reactions,  the  rela- 
tion of   influenza  and,  313 
Apparatus,  a  simple  distilling,  221 
a  simple  shaking,  355 
for  gas  analysis,  69 
for  volumetric  sodium  hydrate,  569 
Armv,    communicable    disease    in   the,    587. 
647 
death  and  disease  in  the.  599 
Arseno  group,   oxidation   at   the,    182 
Arsphenamine.  commercial,  reactions  with, 
183 
notes  on  the  decomposition  of,  181 
reduction   of,    183 
solution,   preparation   of,   184 
Arterial  cannulas,  glass,  a  method  for  mak- 
ing, 700 
Artificial    respiration    in    man,    a    contribu- 
tion to  the  technic  of,  73 
Artificial  respiration  outfit,  a  modified  port- 
able, 737 
Automatic  key  for  use  in  the  student  phys- 
iologic laboratory,  358 
Autopsy  table  constructed  by  enlisted  men 
from  "left  over"  lumber,  355 


B 

Bacillus  influenza?  in  sinusitis  and  meningi- 
tis,  55 
the  toxin  of,  377 

Bacillus  pestis,  baccillus   resembling,  424 

Bacteria,   live,   sedimenting   of,   on   a    large 
scale,  492 

Bacteriologic  examination  of  suspected  ty- 
phoids,  640 


I'.actcriology  of  influenza,  83 

Harometer,  565 

Basic  fiich.sin,  experiences  in  the  purchase 

of,  (m 
Henign   tumors  of   the   intestine,  4.34 
I'lloorl  and  solid  tissues,  catalvtic  power  of, 

510 
i'dood  chf)lest<rol,  advantage  of  parallel  de- 
terminations  with    Bloor   I    and    II 
methods,  851 
determinations,  chart  for,  731 

value   of,   and   their   place   in   cancer 
research,  719 
effect     of     administration     of     thyroid 

hormone  in  myxedema,  859 
effect  of  radium  in,  849 
factors  that  influence,  724 
in    malignant   disease,   849 
reduction    of    Bloor    I    values    and    in- 
crease   of    Bloor    II    values    under 
radium    treatment.    856 
values   in   j)atients   suffering   from   car- 
cinoma,  855 
values  with   Bloor  I  method,  854 
urea  in  mustard  gas  poisoning,  26 
urea  nitrogen,  effect  of  intravenous  di- 
arsenol  on,  631 
I'ronchopneumonia    and    influenza    at    Eas- 

ton  Hospital,  epidemic  of,  424 
Buffer  action  of  blood,  320 


Camp  Custer,  influenza  at,  225 

Camp  Devens.  ei)idemic  of  influenza  at,  330 

Camp  Grant,  influenza  and  pneumonia  at. 
307 

Camp  Humphreys,  report  of  epidemic  of 
Spanish  influenza  which  occurred 
at,   89 

Cancer  research,  value  of  blood  cholesterol 
determinations  and  their  place  in. 
719 

Cannula,  trachea,  adjustable.  77 

Cannulas,  glass  arterial,  a  method  for  mak- 
ing, 700 

Carcinoma,  blood  cholesterol  values  in  pa- 
tients suffering  from.  855 

Catalytic  power  of  blood  and  solid  tissues. 
510 

Cerebrospinal  meningitis  at  Camp  Cody, 
epidemic,  3S7 

Chloretone    in    mother's    milk,    on    the    de- 
tection of.  501 
in   the   fluids   and   tissues   of   the   animal 
body.  424 

Cholesterol    determinations,    importance    of 
a  uniform  technic  in.  721 
intake,  the   source  of,  722 
metabolism,    practical    results    to    be    ex- 
pected in  cancer  research  from  the 
study  of.  726 
nature  of  the  test  for.  720 
studies  on.  719.  849 
values   found   in   human  blood.  853 
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Circulation  and  respiration  in  rheumatic 
fever,  116 

Clinical  manifestations  of   empyema,   123 
observations    of    gastrointestinal    lesions 

produced  by  mustard  gas.  263 
pathology  of  mustard  gas  poisoning,   1 

Coj-combining  power  of  the  alkaliiie  re- 
serve of  the  blood,  568 

Cocaine  poisoning,   129 

Colored  organizations,  incidence  of  in- 
fluenza  in.   99 

Commercial  arsphenamine,  reactions  with. 
183 

Communicable  disease  in  the  U.  S.  Army 
during  the  summer  and  autumn  of 
1918,   588,  (A7 

Complications  of  mustard  gas  injuries,  847 

Conjunctiva,  changes  in,  due  to  mustard 
gas,   819 

Conjunctivitis,  mild,  due  to  mustard  gas, 
treatment  of,  844 

Cornea,  changes  in.  due  to  mustard  gas,  819 

Cryptic  empyema,  124 

D 

iJakin's  saline  solution  in  treatment  of  mus- 
tard gas  injuries,  838 
Deafness,  war,  and  its  prevention.  153 
iJcath  and  disease  in  the  army  as  a  whole, 

599 
Death    rates    of    army   and    civilian    males, 
comparison   of,   ()04 
all   causes,   in  army   camps,  648 
DecomiKisition    of   arsphenamine,    181 
Dementia   precox,    role   of    tuberculosis    in, 

18<),   397 
Diabetic   state,   relation   of   the  pancreas   to 

the.  711 
Diagnosis  by  expectation,  45 
by  inspection,  45 
ex  juvantibus,  46 
ex  nocentibus.  46 
of  acidosis.  315 

per   excUisiDueni    in    ordinc,    general   and 
psychiatric  remarks,  31 
Diarsenol,  intravenous,  notes  on   the  rfTcct 

of.  63() 
DirhIorethylsul|ihide,    (sec    Mustard    Gas) 
ocular  hsions  |)ro<Uiced  by,  785 
.subcutaneous   injection  and   iiiKestion  nf, 
in    relation    t«)   ocular    lesions,    79f) 
vapor,  exposure  to,  813 
Dilution  chart  of  use  in  scroloRic  and  othrr 

trMs.  138 
Diphtheria  in  the  army,  673 
Dissociation  curve  for  (»xyKrn  and  the  C(..>,- 

combiniuK  power  of  blood,  .VtS 
Distilling  apparatus,  a  sinipir,  221 
I>ysrntrry  \u  the  army,  61/ 


E 

Kdcslin  method  for  the  estimation  of  pep 
sin   in   stotnarh  contrnts,  634 

Kdrstin.  prrp;»ration  of,  M3 

Elcctrocar«lioj{raphy,  a  simplifirfi  Irchnic  of 
applyuiK  the  rIcclroHcs  in,  497 

Etrclrndr,    stimulating,   MA 


Electrodes,  a  simplified  technic  of  applying, 

in   electrocardiography,   497 
Electrolysis  in  relation  to  acidosis,  317 
Empyema,  clinical   manifestations  of.   123 
cryptic.   124 
interlobar.  126 
latent,  127 
massive,   125 
polylocular.  \27 
precocious.  124 
x-ray,  usefulness  of.  127 
Encephalitis  lethargica.  381.  456,  691 
Epidemic  cerebrospinal  meningitis  at  Camp 
Cody.  2>%7 
influenza.  85 

of    influenza    and    bronchopneumonia    at 
the    Easton    Hospital,   424 
at    Camp   Devens.    Mass..   330 
of    Spanish   influenza   which   occurred   at 

Camp  Humplireys.  89 
periods  at  Camp  Beauregard,  595 
Epilepsy,  spinal  fluid  in.  Z^Z 
Erythrocytes,  clinical  observation  concern- 
ing the  fragility  of.  465 
fragility  of,  in  chronic  obstructive  jaun- 
dice, 476 
in    myelocytic    and    lymphocytic    leuce- 

mia.  472 
in   pernicious  anemia.  473 
\n  splenic  anemia,  473 
tests   in  hemolytic   jaundice.  470,  471 
Eye,    experimental    dichiorethylsulphide    le- 
sions of  the,  788 
Eyes,    showing   secondary    infections    after 
exposure   to  mustard  gas,  818 


F"atigue,  cflFect  of,  on   organ   extracts.   530 

Feces  in  mustard  gas  poisoning.  17 

Feeding  mustard  gas  for  experimental  pur- 
poses. 259 

Fibroma  of  rat  intestine.  435 

I'loccuk- formation  reactions  to  corrobo- 
rate the  Wassermaiu)  test,  742 

Fluorescein   test.   797 

I'Vagility  of   erythrocytes,  clinical   obscrv.T- 
tions   concerning,  465 
test  f<ir,  AH^ 

F'uchsin,  basic,  experiences  in  the  purchase 
of,  fi98 

Innictional  cardiac  disonlers.  a  physioloKic 
investiRation  into  the  dynamic  ac- 
tion of  the  heart  in.  f>24 

G 

Gas  anal>sis,  simplified,  W,  y>4 

Gastn)intestn)al   lesi<>ns   in   passed   animals. 
2(»J 
prodturd  by  nuislar«l  ^as.  2.V< 

(tenrral  pathology  of  mustard  was  |H»ison- 
iuK,  2M 

Germany,  inllucnra  in.  142 

Glucose,  notes  on  Isaacson  method  for  cs- 
timatniR,  7.Vi 

(ilyr«»Kcnir  funelii»n  of  the  pancreas,  ani- 
mal expcrunents  niM>n  the,  714 

(iram's  slain  for  positive  luii'teria,  modifi- 
cation of.  35.S 

Great   Hrilain.  medical  education  in.  370 
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llaii<l  to  niKiilli  iiifrctiou,  37S 

Uccht-C.radwuhl  test  for  tin-  si-rum  diag- 
nosis of  syi)liilis,  a  niodil'ird,  215 

1  liiiiolytic    jaundice,    franilily    of    erythro- 
cytes in,  471 
streptococci     and    measles,     relation     be- 
tween, 350 
strei)toci)Ccns  infection,  notes  concerning, 
346 

Henderson's  method  of  estimation  of  the 
H-ion   concentration   of   urine,  3(i3 

ll-ion  concentration,  reaction  of  alkaline 
sohitions  may  he  expressed  in 
terms   of,   318 

llousing    of    the    troops    at    Camp     Ifum- 
■  plireys,   101 

Human  tuhercle  bacillus,  378 

llvdrociiioric  acid,  intravenous  injection  of, 
287 
subcutaneous   injection   of,   284 

I 

Infection,  hand  to  mouth,  375 

hemolytic  streptococcus,  some  notes  con- 
cerning,  347 
Infections,  acute,  nature  of   the  lymphocy- 
tosis of,  344 
jaundice,  acute,  462 
Influenza  and  bronchopneumonia  at  Easton 
Hospital,   epidemic   of,   424 
and  pneumonia  at    Brest,   France,  223 

at  Camp  Grant,  307 
bacteriolot^y  of,  83 

complications  of,  with  pneumonia,   104 
dish  washing  and,  104 
epidemic,   85 
epidemic  at  Camp  Devens,  Mass.,  330 

ravages  of,  148 
in  Camp  Custer,  225 
in  Germany,  142 

incidence  of,  in  colored  organizations,  99 
notes  on,  145,  309 
relation   of,   and   antityphoid   vaccination 

reactions,  313 
transmission  of,  372 
Interlobar  empyema,   126 
International  health  agencv.  Red  Cross  as 

an.  702 
Intestine,  benign  tumors  of  the,  434 
Intracutaneous  method  of  administration  of 

local  anesthesia,  65 
Intravenous   diarsenol,   effect   of,  on   blood 
urea  nitrogen,  631 
effect  of,  on  kidney  function,  633 
notes  on  the  effect  of,  630 
injection  of  hydrochloric  acid,  287 
Isaacson    method    for    estimating    glucose, 

notes  on,  736 
Isoamyl     isovalerate,     a     satisfactory     sub- 
stance   to    prevent    foaming,    note 
on  methods  of  preparing,  865 


Jaundice,  acute  infectious.  462 
chronic  obstructive,   fragility  of  erythro- 
cytes, 476 
Joint   symiUoms   in   rheumatic   fever.    115 
juxtamediastinal  pus.  126 


K 

Kctosis,  317 

Key,  automatic,  for  use  in  student  physio- 
logic laboratory,  358 

Key   for   laboratory  use,  3(tO 

Kidney  function,  effect  of  intravenous  diar- 
senol  on,  633 

h 

Labyrinths  of  the  animals  used  in  testing 
of   preventive  measures,   153 

Latent  empyema,  127 

Lead  peroxide  reaction  with  spina!  fluid. 
445 

Lesions  of  the  respiratory  and  gastrointes- 
tinal tracts  produced  by  mustard 
gas,  229 

Lethargic   encephalitis,   381,  456,  691 

Leucemia,  myelocytic  and  lymphocytic, 
fragility  of   erythrocytes   in,  472 

Lice,  problems  of   freeing  soldiers  of,  707 

Lobar  pneumonia,  types  of  pneumococcus 
in,  484 

Local  anesthesia,  comparative  values  of,  60 

Lung  distention,  physiologic  changes  pro- 
duced by  variations  in,  555 

Lymphocytosis  of  acute  infections,  344 

Malaria  in  the  army,  618.  668 

Malignant    disease,    blood    cholesterol    in, 

^9 
Manometer  and  gas  bottle,  differential,  566 
Manometer,  spring,  a  modified,  695 
Massive  empyema.   125 

Measles    and    hemolytic    streptococci,    rela- 
tion between,  350 
in  the  army,  620,  654 
Mechanism    by    which    neutrality    is    main- 
tained in  the  organism,  319 
of    renal    excretion,  457 
Medical   education   in   Great   Britain.  370 
follow-up   treatment   in    empyema.    128 
manuscripts   by   medical  officers.   464 
Meningitis  and  sinusitis,  bacillus  influenzae, 
55 
in  the  army,  621.  659,  660 
Mental  disease  groups,  50 
Method   for  obtaining  mouse  blood.   352 
Michigan  State  Board  of  Health.  504 
Microscopic  pathology  of  mustard  gas  le- 
sions. 799 
Modification  of   Gram's   stain   for  positive 
bacteria.  354 
of  the  W'assermann  test.  140 
of  Henderson's  method  of  estimation  of 
the  hydrogen-ion  concentration  of 
urine,  363 
Modified  portable  artificial  respiration  out- 
fit, 737 
Mother's  milk,  on  the  detection  of  chlore- 

tone    in,    501 
Motor   nerve  anesthesia,   61 
Mouse  blood,  method  for  obtaining.  3?'3 
Mumps  in  the  army,  677 
Mustard  gas.  changes  in  orbital  tissues  due 
to.  819 
clinical  cases  of  ocular  lesions.  820 
gastrointestinal    lesions    produced    bv. 
258 
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Mtistard  gas — Cont'd 

injuries,  complications  of,  847 
Dakin's  solution  in  treatment  of,  838 
treatment,  833 
investigation,   final   summary  of,   301 
liquid,  direct  application  oi,  to  eyes  of 

dead  animals,  818 
microscopic    pathology    of    ocular    le- 
sions, 799 
ocular  lesions,  785 

treatment,  829 
poisoning,   blood   urea   in,   26 
clinical    pathology    of,    1 
feces  in,  27 
susceptibility,  299 
the  general  pathology  of,  265 
urine  in,  25 

respiratory  lesions  produced  by,  299 
subcutaneous     and     intravenous     in- 
jections  of,   general   pathology   re- 
sulting from,  273 
vapor,  exposure  to,   795 
Myoma  of  jejunum,  437 

N 

NTccdle,  continuous  threaded  aneurysm,  453 
Negro   population,   579 
Xeutrality  and   phosphates,   542 
Nitrogen,   picramic   acid   as   a   standard    in 
colorimetric   determination   of,   439 


O 

Ocular  lesions   due   to  mustard   gas,   treat- 
ment, 831 
Ocular    lesions    produced    by    dichlorethyl- 

sulphidc    (mustard  gas),   785 
Orbital  tissues,  changes  in,  due  to  mustard 

'  gas,   819 
Ordine,   diagnosis    per    exclusionem    in,   31 
Organ   extracts,  517 

comparison  of  alcoholic  and  water  ex- 
tracts, 535 
effect  of  boiling  extracts,  542 
of  dialysis,  539 
of  fatigue  on,  530 
of   freezing,   538 
of  inanition  on,  531 
extraction  by  ether,  532 
extraction  of  dried  tissue,  532 
filtration   of  muscle  extract  through   a 

Herkcfeld,  542 
inorganic    material    in    tissue    extracts, 

534 
method  of  testing  toxicity,   525 
f|uantity  of  material  extracted  from  the 

tissues,  526 
reaction  of  the,  528 
Oxidatir)n  at  the  amino  grouj),  183 
at  the  arseno  grouj),  182 


Pancreas,  Klycogenic   function  of  (he,  ani- 
mal  experiments  ni)()n,  714 
relation  of.  to  the  diabetic  state.  711 

ranophthalmitis,    relations    of.    to    dichlor- 
cthylsuli)hidc  lesions.  790 


Paratyphoid  in  the  army,  617 

Pathologist,  role  of  the,  in  the  practice  of 
medicine,  687 

Pathology,  general,  of  mustard  gas  poison- 
ing, 265 
of  pneumonia  in  the  U.  S.  Army  camps 
during  the  winter  of,  1917-1918, 
745 
of  respiratory  lesions  produced  by  mus- 
tard gas,  233 

Pediculicide  substance,  an  experimental 
study  upon  the  impregnation  of 
cloth  with,  707 

Pepsin    in    stomach    contents,    an    edestin 
method   for  the  estimation  of,  635 
method  of  determination,  636 

Peroxidase  reaction  with  sodium  nitroprus- 
side  and  benzidine  in  blood  smears 
and   tissues,   442 

Pernicious  anemia,  fragility  of  erythrocytes 
in,  473 

Picramic  acid  as  a  standard  in  colorimet- 
ric determination  of  nitrogen  by 
Nessler's   method,  439 

Pipette,  combined  measuring  and  inject- 
ing, 369 

Pipettes,  "to  contain,"  a  method  for  deter- 
mining the  capacity  of,  498 

Phosphate  salts,  toxicity  of  pure,  5-H- 

Phosphates  and  neutrality,  543 

Physiologic  changes  produced  bj'  variations 
in   lung   distention,   555 
investigation  into  the  dynamic  action  of 
the  h.-art  in  functional  cardiac  dis- 
orders, 624 

Plasmogenesis,  some  studies  in,  479 

Plethysmograph,  body,  and  its  application 
to  the  stud}'  of  lung  distention  in 
relation  to  circulatory  phenomena, 
555 

Pncumococcus,  tvpes  of,  in  lobar  pneumo- 
nia, 484  ' 

Pneumonia  and  influenza  at  Brest,  Francp. 
223 
at  Camp  Grant,  306 
at   Camp    Devens,   330 
complications  of  influenza  with,  104 
in  the  army,  616,  682,  683 
pathology  of,   in  the  U.   S.  Army  camps 
during  the  winter  of  1917-1918,  745 

Pneumonias,  the,   149 

Poisoning,  cocaine,   129 

I^oh'locular  empyema,  127 

Polyserositis,   suppurative,    126 

Postural  treatment  for  iiuimonary  tuber- 
culosis,   313 

Precocious  em])yema,   124 

Pulmonary  tuberculosis  and  postural  treat- 
ment, 313 

Pus,  juxtamediastinal,  126 


R 

Radium,  effect  of.  on  blood  cholesterol,  849 
Ravages   of   the   influenza  epidemic,   148 
Red  cell   fragility,  effect  of  intravenous  di- 

arscnol  on,  630 
Red  Cross.  American,  at  the  front,  866 

as  an   international   health   agency.   702 

why    we    should    join,    151 
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Keduction  of  arsplu-namiiic,  183 
Renal   excretion,  nuchanism   of,  457 
Respiratory    lesions    (hu-    to    innstard    t(as, 
treatment  of.  844 
tract,  lesions  of  thr,  i)r(j(lnced  by  mustard 
gas,  229 
Rheumatic    fever,    circulation    and    respira- 
tion in,  116 
joint  symptoms  in,  117 
temperature,    115 

the  specificity  of   salicylate  in.   Hi 
Role   of    tuberculosis    in    dementia    precox. 

186,  397 
Rural  and  urban  pneumonia  deaths  at  Camp 
Uevens,  341 


Salicylate,  specificity  of,  in  rheumatic  fever. 

112 
Scalpel,  method  for  preserving  a_  sharp,  in 

experimental    surgery,    578 
Scarlet  fever  in  the  army.  622.  664,  666 
Scientific  reasearch   fund   for  study  of   ve- 
nereal diseases,  645 
Screw  clamp,  a  new  type  of  adjustable.  81 
Sedimenting  suspension  of  live  bacteria  on 

a  large  scale.  492 
Selective  service  act  and  its  -lessons,  511 
Shaking   apparatus,   a   simple.   355 
Shock.  750 

Simplified  gas  analysis.  69,  564 
Sinusitis   and   meningitis,    Bacillus   influen- 

z?e  in,  55 
Sleeping  sickness.  381 
Smear  preparations,  technic  for.  443 
Sodium   bicarbonate   in  treatment   of   mus- 
tard gas  injuries.  833 
Sodium  hydrate,  an  apparatus  for  volumet- 
ric.  569 
Sodium     nitroprusside     and     benzidine     m 
blood  smears  and  tissues,  a  peroxi- 
dase reaction  with.  442 
Soy-bean  urease,  new  methods  for  preserv- 
ing,  448 
Spanish  influenza,  report  of  epidemic  which 
occurred    at    Camp    A.    A.    Hum- 
phreys, 89 
Spinal  animal,  a  simple  method  of  prepar- 
ing a.  491 
fluid  in  epilepsy,  352 

lead   peroxide   reaction   with.  44o 
Splenic  anemia,  fragility  of  erythrocytes  in. 

473 
Spring  manometer,   modified,  695 
Stethoscope  receiving  bowl   for  use  in  the 
teaching   of    medical    students.    450 
Stimulating  electrode.  361 
Subcutaneous  and  intravenous  injections  of 
mustard  gas.  general  pathology  re- 
sulting from,  273 
injection  of  dihydroxyethylsulphide,  284 
of  hydrochloric  acid.  284 
Suppurative   polyserositis.    126 
Surface  anesthesia,   63 

Susceptibility  to  mustard  gas  poisoning.  299 
Syphilis,    a    modified    Hecht-Gradwohl_  test 
for  the  serum  diagnosis  of.  215 


Tambour  and  membrane  manometer,  com- 
bined, 695 
Tampon  action  of  blf>od,  320 
'1  echnic    of    artificial    respiratif>n    in    men. 
contributions    to    the,    73 
of  estimating  the  P„  of  urine,  366 
of   gas   analysis,   71 
Temperature  in   rheumatic   fever,   115 
Test  for  fragility  of  erythrocytes,  466 
Tonometer,   565 

Toxicity  of  organ  extracts,  method  of  test- 
ing, 525 
of  pure  phosphate  salts.  544 
of  rabbit  muscle  extract   for  rabbits,  545 
of   bacillus   influenzae,   2>11 
Trachea  cannula,  adjustable.  11 
Transmission  of  influenza,  372 
Treatment  of  mustard  gas  injuries.  835 

of  ocular  lesions  due  to  mustard  gas,  829 
Trichlorotertiary     butyl     alcohol      (chlore- 
tone)    in  the  fluids  and  tissues  of 
the  animal  body,  425 
Tubercle  bacillus,   human,  378 
Tuberculosis   in   dementia   precox,   role   of, 
186,   397 
pulmonary,    and   postural   treatment,   313 
Tumors,  benign,  of  the  intestine,  434 
Turkish   wash   cloths   for   packs   in   experi- 
mental  surgery,  639 
Typhoid  fever  in  the  army,  674 
Typhoids,  suspected,  bacteriologic  examina- 
tion of,  640 
Typhoid  in  the  army.  617.  676 

U 

Urban    and     rural     pneumonia     deaths     at 

Camp  Devens.  341 
Urine,  in  mustard  gas  poisoning.  25 
urea  in  mustard  gas  poisoning.  25 
Urobilin    and    urobilinogen,    apparatus    for 

quantitative   determination   of,  495 
Urobilinogen    and    urobilin,    an    apparatus 

for   quantitative    determination   of, 

495 
U.    S.    Interdepartmental    Social    Hygiene 

Board.  464 


Venereal  disease  in  the  army,  619.  676 

W 

War   deafness  and  its   prevention,   153 
Wassermann  reaction,  technic  for  the.  571 
Wassermann  test,  a  modification  of  the.  140 
floccule-formation  reactions  to  corrob- 
orate. 742 


X 


X-ray  in  empyema.  127 
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